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The original 
WINDSCALE 


plant, with the first full-scale atomic piles in this country 
had 16 high-efficiency blowers of great capacity, each 
absorbing 2,500 h.p. These were supplied by 


HOWDEN 


vo 


MANAC 


For the new advanced @ 
gas-cooled reactor 


AT WINDSCALE 


ASS! 


Howden have been chosen to supply four main CO, 
circulators having the following features: — 
(1) Inlet Vane Control giving stable operation over full 
operating range. 
(2) High-efficiency aerofoil-bladed radial-flow Impeller 
and Diffuser. 
(3) Oil-bath Bearings. 
(4) 1570 h.p. constant-speed A.C. Motor 


(by Laurence Scott & Electro Motors Ltd.). 

(5) Special Cooling Arrangements. 

(6) Entire assembly enclosed in Pressure Bell. 
This novel arrangement of circulator requires acrodynamic, 
heat transfer, and mechanical design of extremely high 
quality. 
A factor influencing the selection of Howden for this im- 
portant contract is their extensive experience in all these 
aspects of design and of the manufacturing problems involved. 


JAMES HOWDEN AND COMPANY LIMITED 
195 SCOTLAND STREET, GLASGOW, C.5, and 15 GROSVENOR PLACE, LONDON, 5.W1I. 
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Nuclear Power 


REACTORS : MATERIALS $ INSTRUMENTATION PROCESSES . RADIATION 


SPECIAL FEATURES 
The instability problem in nuclear power stations 


Dr. A. Fonda of the CEGB considers the effect of control systems on 
reactor instability and emphasizes the need for large-scale simulation 


Small power reactor survey 


Reactor designers in Europe and the USA are watching market potential. 
NUCLEAR POWER’S Assistant Editor reviews existing plants and prospective 
designs 


Boiler design for gas-cooled reactors 


Starting from the steam conditions and the gas pressure drop Mr. B. G. 
Ediss of the Nuclear Power Group shows how the final dimensions are 
worked out 


Fuel handling at Berkeley 


The charge-face machinery developed by John Thompson for the Berkeley 
station will be one of the first in the UK to operate with reactors on power 


Health physics instrumentation—2 


In his second article, Dr. D. Taylor discusses the design and use of apparatus 
for the measurement of radiation exposure 


NUCLEAR TECHNOLOGY 


REACTORS 
U-235 fission product decay energy 
A graphical method of computing total gamma, and total beta-plus-gamma 
power output is outlined by Mr. 1. J. McBean of Winfrith 
INSTRUMENTATION 
Measurement of neutron dose 


Mr. A. Clare of Harwell proposes several methods that extend the range 
of existing techniques 


REGULAR FEATURES 


Progress in industry —beryllium plant, gas blowers tor AGR, etc. 
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Pipelaying Contractors: ? 
Taylor Woodrow Construction Ltd. 


in association with 


UNDERGROUND 
AND UNDERSEA =cacmpe orld 


Shown in the course of preparation for launching at 
Arish Mell, Dorset, is part of a pipeline for conveying 
atomic wastes from the Atomic Energy Establishment 


at Winfrith Heath into the English Channel. 


It runs for five miles underground from Winfrith to 

the coast and then under the sea for a further two miles. 
For the underground portion, twin pipelines were laid, 
each consisting of a pipe within a pipe. The underwater 


outfall is believed to be the longest installed in this country. 


More than 148,000 feet of S & L steel pipes, ranging in size from 
6 inch to 18 inch diameter, were used. All pipes were bevelled at 
the ends for welding, bitumen-dip-coated internally and, where in contact with the ground, 
protected externally with woven glass reinforced sheathing. The undersea portion of the 


line was additionally protected before launching with a coating of cement mortar. 


STEWARTS AND LLOYDS LIMITED | S&L 


GLASGOW : BIRMINGHAM: LONDON 
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_ TYPE PR2400A 





FEATURES Small panel space of 144 x 144 mm 
(approx. 5?” x §}”) - Reliable null-balancing potentiometer 
system - Easily interchangeable ranges - Transistorized 
plug-in amplifier with printed wiring - Unique chart- 
winding system - High indicating speed and critical 


PHILIPS 


~MINATURE RELURDER 





Miniature mV-Recorder 


MINIMUM SPAN 5 mV - MAXIMUM SPAN 250 mV 
ACCURACY 0°5°%,; the accuracy can be maintained after 
exchange of range box. 


; . ‘ . ~ 7 — , = 
damping - Scale calibration for mV or all conventional § REPRODUCIBILITY 0°27, of span - SCALE LENGTH 100 mm. 
rith thermocouples - Completely mains operated. STABILITY 10°, mains variations have an 
d., influence of less than 0-1%, 
td, 


RECORDING SECTION Strip chart, width roo mm, 
length approx. 9 m. The chart is wound into an exchange- 
able casette. Visible length of 100 mm. After opening the 
door the chart can be pulled out over a length of 80 cm. 
Chart returns automatically into the casette. 


CHART-SPEED With built-in gear box 3 different 
speeds can be selected: 10, 20 and 60 mm/h. Can be 
supplied with electro-mechanical clutch so that by means 
of external switch, chart movement can be accelerated bya 
factor of 60. 


This photograph shows the lighter weight and 
compact size of the plug-in transistor:zed amplifier. 


BALANCING SPEED Less than 1 sec. for full scale 
deflection; damping critically adjustable. 


RECORDING With flexible capillary stylus supplied 
from sealed ink container mounted under measuring 
carriage. Line thickness approx. 0:3 mm. 


CONSTRUCTION Sheet-metal case in grey hammer- 
tone with all plastic door. Front dimensions 144 x 144 mm; 
depth 510 mm;; panel opening 138 x 138 mm. (§}” x §}”— 
20”—5}" x 53”). 

PRODUCT OF PHILIPS, 


EINDHOVEN, HOLLAND 





SOLE DISTRIBUTORS IN U.K 


RESEARCH & CONTROL INSTRUMENTS LTD 


W.C.t. 





instrument Hause - 


207 Kings Cross Road - London - 


Telephone? Terminus 2877 
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specifications 


Long experience in the 
production of wrought light 
alloys has enabled us to meet 
the new high standard 
demanded in the field of 
nuclear engineering. 


Birmetals manufacture 
magnesium and aluminium 
alloys in the form of sheet, 
strip, plate, tube, wire, rod and 
bar, extruded sections and 
forgings to all U.K.A.E.A. 
specifications. 


Tmeaga = 


is at your disposal. 





‘Birmetals 





BIRMETALS LIMITED - WOODGATE WORKS - BIRMINGHAM 32 


, < 
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Wherever information on fluid flow is required, 


the de Haviland POTTERMETER 


sets new standards of accuracy and reliability 


bh 

eu ha 

@--——A 
— 


The de Havilland Pottermeter 
will be demonstrated on 
STAND Q.730 
at the 
1.E.A. EXHIBITION 
Olympia 
May 23 to 28 


Write now for further details to: 


NUCLEAR POWER May 1960 





This new turbine-type flowmeter enables major advances to be made 
in the techniques of flow measurement and control. The de Havilland 
Pottermeter is the only flowmeter which offers all these features: 


Contains only one moving part —no thrust bearings — operates with a minimum of 
maintenance at high temperatures and pressures 


Accuracy to + 0-1°% or better on repetition work, + 0-°5°, or better over a 20-1 range. 
Calibration remains constant for a variety of liquids over wide flow ranges. 


No larger than the pipeline in which it is installed—may be mounted in any attitude. 


Can be supplied with indicating, recording and process control equipment — gives 
digital presentation of results. 


Can measure volumetric or mass flows. 


Models available to measure flows from 0-1 to 40,000 Imperial gallons per minute, at a 
wide range of operating pressures. Larger and smaller sizes made to order. 


Can measure flow of any liquid or gas, irrespective of its lubricating or 
non-lubricating properties, at temperatures ranging from —455°F to 1500°F. 


Manufactured as standard in stainless steel—can be made in any non-magnetic material. 


Rapid response rate permits transient flow studies. 


DE HAVILLAND PROPELLERS LIMITED 
(INDUSTRIAL SALES DIVISION) Hatfield, Herts 
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is actively concerned in the supply of equipment and material 
with special application to the Nuclear Power Industry 














PRIMARY AND SECONDARY SURFACE 
HEAT EXCHANGERS, CONDENSERS, 
AIR AND GAS COOLERS, 
CONDENSER TUBES 





SERCK RADIATORS LIMITED SERCK TUBES LIMITED 


WARWICK ROAD, BIRMINGHAM II 


Members of the SERCK GROUP 


A first class Technical Advisory Service supports 
the products of the Serck Organization into which 
have been embodied the intensive research 
and accumulated practical experience 
of thirty years and more. 
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M & C Nuclear — Largest Producer of Co-extruded Fuel 


No idle claim this — M&C Nuclear has fabricated more clad pins, plates, wire, 

rod and tubing by this technique than any other supplier. 

Three complete reactor loadings of co-extruded elements made by M&C Nuclear are in operation — 
and two additional loadings are now being made as a re-order. 

Until recently, elements clad by co-extrusion were laboratory curiosities — now at M&C Nuclear 
they are being manufactured on a production basis. 

We co-extrude tubular uranium aluminum elements of the CP-5 type; plate type cermet elements; 
alloy elements of uranium with zirconium, niobium and molybdenum as pins, tubes or rods. 

We can offer wire fuel elements up to 50 feet in length. 

The advanced state of co-extrusion technology at M&C Nuclear enables us to offer a high degree of 
dimensional control, reproducibility, and quality assurance. Complete facilities are available for 
testing and certification by destructive and non-destructive techniques. 

It might well be of importance for you to consider this at an early stage of your next reactor project. 


TEXAS INSTRUMENTS 


INCORPORATED 


M&O NUCLEAR,INCG. 


(a sussiviarRy) 
P.O. BOX 898 ATTLEBORO, MASSACHUSETTS, U.S.A. 
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VOKES GENSPRING have 
een awarded contrac {ts 
for the supply of pipe 
suspension equipment 
for all current 
uclear Power Stations 


Vokes Genspring constant support hangers—capable of supporting loads up to 
97,800 lbs and travels up to 12"—have been specified by all five members of the 
Nuclear Consortia for each of the first five Nuclear Power Stations. Gensprings 
have already been installed at Calder Hall A & B and Chapel Cross A & B 
where their success in handling the movement of piping caused by temperature 
changes is rapidly making them an automatic choice for pipework support in 
the construction of Nuclear Power Stations. 
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TRAWSFYNYDD 
BERKELEY HUNTERSTON (Atomic Power Construct- 
(A.E.LL = Jobe Thompson (G.E.C. — Simon Carves ions Ltd.) 
Nuclear Energy Co. Ltd.) BRADWELL Group) HINKLEY POINT (An impression by Mr. Bas 
(The Nuclear Power Plant (English Electric, Babcock Spence, Consultant Arc hitect 
Company Ltd.) & Wilcox, Taylor Woodrow Nuclear Civil Constructor 
Atomic Power Group) showing how the design blend 


intothelandscapeof Snowdoma 


Vokes Genspring SUSPENSION SYSTEMS 


VOKES GENSPRING LIMITED - GUILDFORD - SURREY 


Telephone: Guildford 62861 (6 lines) Telex: 13-535 Vokesacess, Guildford. Telegrams & Cables: Vokesacess, Guildford, Tele® | 
A member of the VOKES Group. vou 
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This unique low background 
counting arrangement 
requires shielding weighing 
less than 500 Ibs. 

Under such conditions 
background count rate is 
below | count per minute 
while beta sensitivity is 
greater than that of 

all other Geiger Miller tubes 
of comparative size. 

Two sizes of beta end window 
tube with their appropriate 
guard tubes are available. 
Write to-day 

for further details. 


NUCLEAR POWER May 1960 





UNIQUE 

LOW 
BACKGROUND 
BETA 
COUNTING 
ARRANGEMENT 








Mullard Limited, 
New Road, 
Mitcham Junction, 
Surrey, 

England. 

Tel: Mitcham 3471 


MXk SI7 
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231 R ANALOG COMPUTER 





8 CHANNEL RECTILINEAR RECORDER 


1100 E VARIPLOTTER 


VOLTMETER 
3033 B DATAPLOTTER 26,070 DIGITAL VOLTME 


a 





Electronic Associates, the world’s largest manafocTos of Reta Purpose Analog Computers, now offers European industry 
a complete line of PACE Instruments to help solve all types of Computation, Data Handling and Instrumentation problems. 
The high quality of PACE Equipment is guaranteed by Electronic Associates’ reputation and experience as the leading 
producer of Analog Computers for over eight years : 


The above photo shows several of the PACE line of Instruments which are available 


231R ANALOG COMPUTER. Newest addition to the world famous line of PACE Analog Computers. 
Capacity : 20 to 100 amplifiers and related nonlinear equipment. 0.01 ©, precision. Manual 
or Digital Potentiometers. Optional ADIOS system (Automatic Digital Input Output System). 
TR-10 TRANSISTORIZED DESK ComPUTER. Capacity 20 amplifier and nonlinear units. Precision 0.1°. 
Compactness, low power consumption and low voltage levels makes this an ideal nucleus 
for on-line computation of process control applications. Useful in laboratory and educat- 
ional tnstitutions. 


DATAPLOTTER, TYPE 3033 8. For high speed conversion and plotting of digital input information 
into analog graphs. Point or Continous line plotting. Speed 60 points per minute. Precision : 
0.05°,,. Works from IBM cards, paper tape and manual keyboard. 


8-CHANNEL RECTILINEAR RECORDER. Accurate and high speed recording oscillograph. Includes chop- 
per stabilized amplifier, push button chart speed and sensitivity control and heated stylus 
recording. 
MODEL 1100E VARIPLOTTER. X-Y plotter for Computer and general laboratory use. .075 % Static 
Accuracy. With wide range of input sensitivities and vacuum holddown. Can also be used 
as function generator. 
MODEL 26.070 TRANSISTORIZED DIGITAL VOLTMETER. A general purpose readout instrument for high 
speed digital readout of analog voltages. Average speed * 200 readings per second. Accu- 
racy :0.01 % Includes reference and power supplies. Can be operated with EAI model 
39.034 high speed Printer. 

Skilled sales and application engineers from Electronic Associates stand ready to assist Eue 
ropean industries of all types in solving their systems and instrumentation problems. 


TR-10 TRANSISTORIZED 
DESK COMPUTER 


DETAILS OF OUR COMPLETE LINE OF PACE COMPUTERS AND INSTRUMENTS WILL BE SENT UPON REQUEST. 


ELECTROWIC ASSOCIATES INC. 43. rue de lo Science Brussels 4 - Belgium 
EUROPEAN DIVISION Tel Brussels 11.43.69. - Telex 02-106 Pacebelg Bru 
ELECTROWIC ASSOCIATES LTD Victor o Rood - Burgess Hill - Sussex - England 
WORKS AND HEAD OFFICE Tel Burgess Mili 26 36 


- Telex 6750 Pace Burgesshi 
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ANALOG COMPUTERS 


TRADE MARK 
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Power -made to measure! 


The ever-increasing demand for electricity must 
be met and, if this country is to survive as a 
prosperous and expanding industrial nation, it 
must be met as economically as possible. 

The problem is being solved in two ways—by 
increased technical efficiency in normal power 
station operation and by development of 
nuclear power. New power stations, whether 
they burn coal or depend on nuclear energy, are 
progressively more and more efficient. 

Coal will long continue to be our main source 


In the foreseeable future the expanding demand 


for power will exceed the available supply of 


home-produced coal. That is why Britain has a 
nuclear power programme which is the largest 
and most progressive in the world. 








of power. The present surplus is only temporary. | THE CENTRAL ELECTRICITY GENERATING BOARD 
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g> port Plates as supplied by 
we szatomic Power Stations. 
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| TELDINGTON BELLOWS 


and Nuclear Power 
HARWELL PAYS A TRIBUTE 


arwell top research scientists have freely acknowledged * that recent improvements in the 
perational efficiency of Zeta owe much to the introduction of a corrugated stainless steel 
ner inside the aluminium ‘torus’. Having decided to use such a liner, they turned to 
eddington engineers who, out of their experience in adapting their bellows expansion joints 
» various demands in a wide field of industry, produced exactly what was required for 
satisfactory running over long periods. 






























Ina paper read before the I.E.E. on 29/30 April 1959 by Mr. J. T. D. Mitchell of the U.K.A.E.A., Harwell 


have resulted in gas temperatures of several 
million degrees centigrade being achieved for 
millisecond periods. View showing the torus. 





‘ In Zeta, experiments towards controlling fusion 


This stainless steel liner has improved opera- 
tional characteristics and requires less main- 
tainance than the original aluminium liner 
system. Here is part of the twelve welded 
sections of Teddington stainless steel bellows 
tube of wall thickness 0-017”; it has 2} con- 
volutions per inch of a depth of 0-75’. The 
bellows is 38 inch bore and the whole toroidal 
bellows assembly has an axial length of 37 











feet and an electrical resistance of 0-02 ohms. F “2a 
| 
SEND FOR HANDBOOK 
R.53 
Illustrated descriptions are 
given of the many and 
varied problems that 
Teddington Bellows Expan- 
sion Joints can overcome. 
Ifyou did not secure your 
copy at the Engineering 
Exhibition, please write 
for one. 
Made under licence from the Solar Aircraft Co., California, U.S.A. 
TEDDINGTON AIRCRAFT CONTROLS LTD. (Industrial Bellows division) 
Ammanford, Carms. Tel.: Ammanford 2255 4 
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Plessey Nucleonics Limited is engaged exclusively in the des 
facture of specialised nuclear instrumentation—burst slug 
reactors, flux scanning equipment, radiation detectors of all 
control instrumentation, health and defence instruments. 

The parallel production of so much that is complement 
instrumentation has established within the Company a uw 
scientific skills and techniques, which is now offered for the d 
new projects for government bodies and other interested auth 


PNL Burst Slug Detection equipm 


for the research rea 








Plessey Burst Slug Detection equipment has been chosen 
for the following reactors :— 


Research Reactors 
WURENLINGEN SWITZERLAND | D.M. 


and map, 
‘tectors fy 
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manufacture 
at Karlsruby 


% 


r.R. DON 


KARLSRUHE W. GERMANY W.T.R. USA 
O.1.D.0. HARWELL A.G.R. Wi 


P.L.U.T.O. HARWELL 


Power Reactors 
CALDER A CUMBERLAND 
CALDER B CUMBERLAND 


CHAPELCROSS A DUMFRIESSHIRI 
CHAPELCROSS B DUMERIESSHIRI 


BRADWELL ESSEX 
MARCOULE FRANCE 
HINKLEY POINT SOMERSET 
LATINA ITALY 
TRAWSFYNYDD N. WALES 


The overseas selling organisation of the Plessey Group of Companies: 


PLESSEY INTERNATIONAL LIMITED : Ilford - Essex - England 


Overseas Telegrams: Plessinter Telex Ilford * Telex: 23166 - Telephone: I!ford 3% 


Manufactured by: 
PLESSEY NUCLEONICS LIMITED 
Weedon Road ° Northampton - England ° Tel: Northampton 4966 
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another problem solved with UNISTRUT 


Insulated enclosure for machin- 
ing 7GeV synchrotron core 

An unusual temperature control 
problem was encountered by Messrs. 
Joseph Sankey Ltd. in the machining 
of 336 sectors, each accurate to within 
half of one degree, which will form the 
core of the Commonwealth’s largest 
electro-magnet. When assembled, this 
will measure 160 ft. across, yet the 
throat faces must be parallel to 
within .004 inches. 


2,700 sq. ft. Unistrut enclosure 

' To ensure dimensional stability, 
machining takes place in an insulated 
booth where the temperature has a 
maximum variation of 0.7A° C. Measur- 
ing 80 ft. x 34 ft. x 20 ft. 9 in., with 
three sliding hatches and four 20 ft. 
high Unistrut doors for introduction 
and removal of the 20-ton sectors, 
the booth consists of a Unistrut 
framework, incorporating a 27 ft. 
truss also of Unistrut: it is clad on 


Unistrut | 
43-45. RP 


three sides with Perspex, on the 
fourth with Menotex sheeting, and 
roofed with Asbestolux. 


No interference with production 
The framework itself was rapidly 
assembled using standard Unistrut 
channels and self-locating nuts; the 
members are spaced to accept stand- 
ard sized sheets with little or no 
cutting, thus conserving material and 
reducing on-site labour costs. The 
entire installation apart from the 
hatches was completed in one week- 
end, avoiding production hold-ups. 
As the enclosure will be required in 
its present form for only twelve 
months, Unistrut’s facility for layout 
alterations is an added advantage; 
alternatively, the structure can be 
entirely dismantled and its materials 
freed for other use. 


Wide range of applications 
‘Space division’ is only one field in 
which Unistrut’srapid, rigid assembly 


UNISTRUT 


ion of Sankey-Sheldon Ltd. A member of the Guest, Keen & Nettlefolds Group of Companies 


and wide component range assist 
planning and reduce on-site time and 
cost. For further information on its 
use in pipe support, electrical trunk- 
ing,instrument mounting, etc., please 
write to the address below. 


STEEL CHANNEL 
FRAMING SYSTEM 





te adwater Road, Welwyn Garden City, Herts. Telephone: Welwyn Garden City 6321 (4 lines) 
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WRONG pypy TO LICK A NUCLEAR BRAG a3 


Initiating a nuclear reactor fuel fabrication 
program with disregard of the resulting cold 
scrap is like burning money! Davison, as the 
largest reprocessor of uranium cold scrap, quickly 
converts useless, but expensive, uranium scrap into 
AEC credit amounting to thousands of dollars. 

If you operate a reactor or fabricate fuel for a 
nuclear reactor, you gain a distinct advantage by 
consulting Davison on the economical collection, 
segregation and storage of uranium scrap 

before it is created. Contact Davison today. 


DEPARTMENT B-302 


w.r. GRACE 2 co. 


DAVISON CHEMICAL DIVISION 
ERWIW, TENNESSEE 
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MUREX “MURAFLUX A”’ forsubmerged-arc welding 


“Muraflux A” is the first of a new range of Murex 
granular fluxes for submerged-arc welding. It has 
been specially developed for the welding of mild steel 
by all machines using A.C. or D.C. for submerged-arc 
welding. 

The flux may be used with ordinary filler wires but = 
specially recommended for use with “Murawire W1” 
“Murs wire W2’ ‘ supplied by Murex. When used with Pre 
wires, “Muraflux A” produces welds of high radiographic 
Standard suitable for Class 1 work, and the flux has 


A complete 


od 
MUREX 


V 


POWER May 1960 


service 
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been granted approval by Lloyd’s Register of Shipping 
and is accepted by the Ministry of Transport. 

**Muraflux A” is suitable for either the single pass or multi- 
pass welding of various joints in mild steel as well as plug 
welds and the building up of worn mild steel parts. Good 
penetration can be obtained and unfused flux can be re- 
covered for further use. 

‘**Murafiux S.1”’ granular flux for the submerged-arc welding 
of stainless steel is also available with the appropriate 
Murex S.W.1 and S.W.2 filler wires. 


for automatic welding 


MUREX WELDING PROCESSES LTD. WALTHAM CROSS, HERTS. 


T.32 
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with this flooring 


WELDED STEEL FLOORING 


Engineers everywhere are aware of the unique design and construction of ' Safetread’ 
flooring—its construction has gained universal appeal as it provides the greatest 
possible strength and rigidity with a minimum use of steel, thus enabling valuable 
economies to be effected in supporting members. 

With Safetread’s welded construction, nothing can work loose or cause chattering 
through vibration—its design enables maximum light and air penetration and yet 
the danger of tools or other similar objects falling through is reduced to an 
absolute minimum. 

Write today for a catalogue of Safetread “‘tailor-made" flooring—amply illustrated, 


. it contains deflection tables, safe-load tables, and a wealth of useful information D 
= for the man with a flooring problem. sh 


ALLAN KENNEDY & CO- LTD 


MARITIME STREET - STOCKTON-ON-TEES 


Telephones: STOCKTON 65464 (4 lines) - Grams: ‘GRATING’ STOCKTON-ON-TEES 
London Office: ABFORD HOUSE WILTON ROAD LONDON S.W.!I + Tel: ViCtoria 2539 











pave 
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The main compressor house carries an installation of Consolidated Pneumatic Class “T” Stationary Compressors for low pressure air. 


equipment ig working hard 
for Taylor Woodrow... 


= 





Wherever big construction projects are going on, 
CP air compressors and power tools will be 
found at work on the site. An example of this is 
to be seen at Hinkley Point Atomic Power 
Station being built for the Central Electricity 
Generating Board by The English Electric, 
Babcock & Wilcox, and Taylor Woodrow Atomic 
Power Construction Co. Ltd. The civil engineer- 
ing contractors, Taylor Woodrow Construction 
Ltd. are using a big proportion of CP equipment 
for every type of duty, not only to save time and 
man-power but also to maintain their high 
standards. These pictures illustrate the complex- 
ity of operations being carried out at Hinkley 
Point. The excellent progress achieved by Taylor 
Woodrow reflects in some measure the efficiency 
of the CP equipment they have chosen for this 
work. 





A CP pneumatic chain saw Removal of water is a frequent 
proves a great time-saver for problem on contracting work. 
the many timber construction The rugged CP-77 Sludge 
jobs occurring on a big contract. Pump can be relied upon for 






continuous duty in the roughest 
conditions, 


£ conditions for drilling, but all in a day’s work to the Consolidated Pneumatic G-800 Tracdril, 
ling 4° holes to 40-ft. in hard shale and limestone to clear a channel for the floating caisson. 


Consolidate 


CONSOLIDATED PNEUMATIC TOOL CO LTD = DAWES ROAD + LONDON <= 8.W.6 
cP/197 
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Lhe photograupn shows an AEIL 132k V., 3,500 MVA., Type GA6W4 
Air-Blast Circuit Breaker installed in a British substation 


This type of breaker is in extensive use on the British grid system, and has been 

selected to control the output of Scotland’s first Nuclear Power Station at Hunterston. 

Overseas, 132kV., 5000-MVA., Type GA6W4 breakers will be installed in seven 
new sub-statiors in the Greater Buenos Aires area of Argentina. 


Associated Electrical Industries Limited 
SWITCHGEAR DIVISION 
Trattord Park, Manchester ~ Higher Openshaw, Manchester ~- Willesden, London 
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SHUTTER 
DOORS 


every Lime 


THE DOORS COMMANDING THE WORLD’S LARGEST SALE 


Send for illustrated leaflets 45 S.D.L. 


G. Brady & Company Limited, Manchester 4. Telephone COLlyhurst 2797/8/9 and at London, Birmingham, Glasgow, Montreal, Port Credit, Hong Kong. 
BRADY OR EVERY OPENING: BRADY ROLLING DOORS IN STEEL, WOOD AND ALUMINIUM = SLIDING SHUTTER DOORS 
GRILLES IN STEEL, ALUMINIUM OR NYLON - UP AND OVER DOORS * FIREPROOF DOORS ~ COLLAPSIBLE GATES - SLIDING DOOR GEAR 
eae RUBBER DOORS + ORNAMENTAL IRONWORK ALSO MANUFACTURERS OF BRADY LIFTS. 


TIT 








Stowe ce | 
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MINIATURE 
MICRO 
SWITCHES 


PLEASE 
ASK FOR 
MORE DETAILS 


There are many other Miniature Micro 










BURGESS 
PRODUCTS 
COMPANY LTD 


MICRO SWITCH DIVISION 

Dukes Way, Team Valley, Gateshead '! 
Telephone. Low Fell 75322 (3 lines) Telex: 53-28 
London Office: 127 Victoria Street, S.W.! 
Telephone’ TATE Gallery 0251 (3 lines) 


Switches and Actuators besides the few 
illustrated here. Ali have the famous 


BURGESS long-life mechanism 
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HOPKINSONS? [eee 
for isolating CO2 gas between 
reactor and steam generating 
plant. Supplied or on order 
V A L VW La S for Bradwell, Hinkley Point, 
Latina’ and_ Trawsfynydd 
(Valves illustrated are 60 inch 
FO R and 36 inch bore). 












Below: Group of 24 inch 
electrically - controlled 
Hopkinson- Ferranti valves 
for a nuclear power Station. 
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Left: Deadweight Relief Valve, 
20 inch bore. 
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Specialised valves (some of which are illustrated) needed in nuclear Hopkinsons’ valves and fittings 
power stations are naturally entrusted to Hopkinsons because of have been supplied or are on order for: 
their vast experience in the manufacture of valves for exacting Calder Hall 


duties. But, additionally, Hopkinsons are supplying large numbers Dounreay 
of their electrically controlled valves, desuperheating equipment, Chapelcross 
combined stop and isolating valves, automatic exhaust valves, Berkeley 
steam traps and all types and sizes of stop valves. 





Hunterston 
Bradwell ; 
HOPKINSONS LIMITED - HUDDERSFIELD Hinkley Point 
—(@) Latina (Italy) 
LONDON OFFICE: 34 NORFOLK STREET * STRAND ~° W.C.2 Trawsfynydd HVI2I 
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TRIUMPHS OF SHELL RESEARCH 


eat exchange practice 


Before Shell produced Voluta Oil 45 it was 
thought that oils which were to be used for heat 
exchange purposes must have a high flashpoint 
—to reduce fire risk, and a high viscosity—to 
prevent excessive leakage through pump glands 
and to provide adequate lubrication for pump 
bearings at high temperatures. Heat exchange 
systems containing these viscous oils, however, 
were sluggish, particularly when started up from 
cold. The oil circulated slowly over the source 
of heat and suffered thermal decomposition, or 
“cracking”. This, in turn, produced low flash- 
point materials and carbon which insulated the 
heating surface. 

Shell, therefore, began investigating the suit- 
ability of oils of lower viscosity and different 
chemical constitution. From this research was 
developed Shell Voluta 45. 

Shell Voluta 45 contains hydrocarbons with a 


The Research Story 


saturated ring structure which does not have the 
tendency that high viscosity straight chain paraffin 
hydrocarbons had—to break down at high tem- 
peratures. Because of its low viscosity Shell 
Voluta 45 heats up more quickly from cold and 
circulates more rapidly thus avoiding local over- 
heating and thermal decomposition. 

Shell Voluta Oil 45 has excellent heat transfer 
properties, good thermal stability and good 
lubricating properties. It is recommended for use 
in all closed heat transfer systems. 

The moral of the story is that Shell research 
is supremely applicational. The centre at 
Thornton is always ready to work with even the 
most specialised sectors of industry to produce 
the right oil for the job. If you and your 
organisation have any major lubricating 
problems, it pays to get in touch with your local 
supplier of Shell Industrial Lubricants. 








Laboratory research to compare the high temperature per- 
formance of various oils in a rig simulating practical conditions 
showed that when oils of varying viscosities were maintained 
at an average temperature of 325°C. for 200 hours, the closed 
flashpoint of the high viscosity oils had dropped to a lower 
figure than that of oils of lower viscosity, indicating that some 
thermal decomposition had taken place. 

Experimental oils were subjected to Heat Stability Tests and 
to tests designed to measure the variation in heat transfer 
coefficient with time. The most promising of these oils was 
then given extensive field trials, both in Shell Installations and 
in industry. From this extensive research was developed 
Shell Voluta 45. 


K - THERMAL CONDUCTIVITY 
~ SPECIFIC HEAT 


V- VISCOSITY 


s 





o 
oe 
o 
o 
ss 
“ 





TEMPERATURE - ‘F 








Physical properties of Shell Voluta Oil 45. 

K. Thermal Conductivity—B.T.U./sq. ft. per 
hour per 1°F. per inch. 

S. Specific Heat—B.T.U. per lb. per 1°F. 

V. Viscosity—Kinematic centistokes. 


HEAT TRANSFER OILS 


another proof of Shell leadership in lubrication 
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THE TASKS OF JASON 


Among the formidable tasks performed by the Greek hero Jason, in his quest for the Golden 
Fleece, was the taming of the fierce bulls of King Aeetes. Jason was undaunted by their 
ferocity, their snorts of fire and smoke, their thundering hooves of brass; and, by the skilful 


use of his spear and shield, he was able to arrest and control their terrible relentless charges. 


In this nuclear age man’s arrest and control of great energy is symbolised 
in achievements such as the new ‘Jason’ experimental reactor designed and 
built by the Hawker Siddeley Nuclear Power Company at Slough. And here 
once again General Radiological instrumentation is performing a vital job 
For the Argonaut experimental reactor being built in Milan, the Agip 
Nuclear engineers have specified General Radio- 
logical instrumentation. For the latest ‘Jason’ 
shortly to be exported to Holland, the Hawker 
Siddeley engineers have chosen General Radiological 
instrumentation. Like ‘Jason’s’ spear and shield 








it is the instrumentation system which is the means 
of achieving the reliable and precise control of 
energy in a reactor. 

General Radiological’s instrumentation is now speci- 
fied for the major nuclear power stations at Bradwell, 
Berkley, Hinkley Point, Hunterston and at Latina, 
near Rome. 











ONE OF THE general radiologieal wmireo 


murphy 
GROUP OF NUCLEAR ENGtiwneerRitunNG Diviston. 
COMPANIES 15/18 Clipstone Street, Gt. Portland Street, London, W1. Tel. Museum 5080 
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The Sign of Quality 





Introducing the M.B.Metals group: 


the complete service for industry 


eonsult us now! 
* 


If you have problems concerning 
the Design, Development, Manufacture 
and Environmental Testing of 


ELECTRO-MECHANIGAL COMPONENTS 


(including terminations) 


ELECTRO-MECHANICAL EQUIPMENT 


ELECTRONIC EQUIPMENT and 
COMPLETE SYSTEMS 


Please visit our 
laboratories 


Our ENVIRONMENTAL TESTING LABORATORIES also provide a service 


for the testing of components and equipment that have been developed by industry 


The facilities for all the above are provided within the 


M.B.METALS GROUP 





* 


Se aA SL EINE 


For further information on the above service 


: and our standard products please contact the 


TECHNICAL SALES OFFICE 


— ME. Beomeras LTD. 


VALE WORKS, PORTSLADE, SUSSEX 
TELEPHONE: HOVE 46275 
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Covering the full spectrum of Soviet research in the nuclear sciences 
THE SOVIET JOURNAL OF ATOMIC ENERGY 


The USSR’s only atomic energy journal — in complete and prompt translation. 


Every original research report <« d the 
monthly literature reviews covering th latest 
publications on the peaceful uses of itomic 
energy appear in this C.B. translatio:. The 
reports in this Academy of Sciences ournal 
cover the latest Soviet research in ‘tomic 
physics, power, raw materials, radioactie iso- 
topes in industry, biology, and medicine, and 


weer ts: 





radiation protection. 


All photographs (including colour plates) are repro- SUBSCRIPTIONS ARE STILL BEING 





duced with the text. ACCEPTED FOR THE YEAR 1959 . 

. includes reports from Annual Subscription: 12 issues, $75.00 
Institute of Atomic Energy of the USSR. Back Issues: 1958 (12 issues), $75.00: 
Joint Institute for Nuclear Research at Dubno. 1957 (12 issues), $75.00: 1956 (5 issues), $75.00 
Thermo-Technical Laboratory of the Academy of Please add $5.00 for foreigh subscriptions. 
Sciences . . . and other research installations. Tables of Contents Upon Request. 


Originally published as supplements to JAE. these translations have gained 
individual recognition as important contributions to the literature. 





PHYSICS OF FISSION 


“ The survey papers accomplish their purpose excellently; B. T. Geilikman’s leading paper on the Theory of Nuclear Fission, 
A. N. Murin’s paper on the Fission Products, V. N. Mekhedov’s comprehensive treatment of Spontaneous Fission, and the 
summary of Photofission by L. E. Lazaerva and N. V. Nik'tina all show easy scholarship and an encompassing knowledge 
of the literature. These essays are valuable . . . and they w:ll retain their value as stimulants for further experimentation 
and theoretical probing.”—Arthur H. Snell, SCIENCE. 


durable paper covers illus. 140 pp. $30.00 


NUMERICAL METHODS FOR NUCLEAR REACTOR CALCULATIONS 
by G. |. Marchuk 


“ As stated in the foreword, this book is ‘an attempt at a more or less systematic exposition of numerical methods for the 
calculation of thermal, intermediate and fast neutron reactors.’ The author has admirably succeeded in this goal, his exposi- 
tion of numerical methods for reactor calculations being the most complete yet published.” NUCLEONICS. 


durable paper covers illus. 296 pp. $60.00 





LIQUID-METAL HEAT TRANSFER MEDIA 
by S. S. Kutateladze, V. M. Borishanskii, |. |. Novikov and O. S. Fedynskii 


This informative volume is devoted to the problems of utilizing liquid-metal heat transfer media in nuclear power. Data 
on the study of heat removal by liquid metals, obtained during the past ten years in the USSR, as well as abroad, in 
connection with problems of nuclear power are both systematized and generalized in this work. 


cloth illus. 150 pp. $22.50 


FAST-NEUTRON SPECTROSCOPY 
by B. V. Rybakov and V. A. Sidorov 





The authors, Soviet pioneers in the field, working with the one-and-one-half-meter cyclotron 
at the Institute for Atomic Energy, have developed one of the first and, possibly, best of the 
presently available spectrometers. Thus, the chapters which are devoted to time-of-flight 
methods, represent not only a survey of work which has been done, but, to a considerable 
extent, a description of the authors’ own experiments and original results. 


cloth illus. 122 pp. $17.50 





Descriptive folders upon request 


Payment in sterling may be made to Barclay’s Bank in London. 


CONSULTANTS BUREAU ENTERPRISES, INC. 
227 West I7th St. + New York II, N.Y. U.S.A. 
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HERBERT MORRIS LTD P.O. BOX 7 


LOUGHBOROUGH 3123 


POWER May 














DIESEL-ELECTRIC 


MOBILE 
CRANES 


In addition to the MORRIS Mobile Crane shown in 
the appropriate modernity of Dounreay Nuclear Power 
Station, we illustrate the 6-ton M.120, 3-ton M.60 and 
6-ton M.100 cranes. 

The capacities, types and lengths of jib available, pro- 
vide a comprehensive range of robust, reliable cranes, 
designed to fulfil efficiently most industrial mobile crane 
requirements. 


For detailed particulars write for brochure $46/35. 


SEE US ON STANDS HI2 & Ji4 
MECHANICAL HANDLING EXHIBITION, EARLS COURT, LONDON, MAY 3—13 


- LOUGHBOROUGH - ENGLAND 


Tick No 29 on reply card for further details 31 

























NEWTHERM Calcium Silicate insulation manufactured solely by NEV 

is the most versatile material you can use for application up to 1. \()° a 
Try it. Put a sample section or slab on part of your plant and pro: » for 
yourself its outstanding ability to withstand impact and water da. age. 


Weight - for - weight, NEWTHERM 
compares favourably with many 
materials far inferior in thermal efficiency and strength. 
This light weight is evidenced in the handleability of 
NEWTHER\M, which even in the largest sections can 


easily be carried in one hand. 


















You can immerse 
NEWTHERM 
in water and its 
strength remains largely unimpaired. Nor does it become 
deformed when in contact with moisture, thus work-in-pro- 
gress need not becovered. Wherever damp or humid cond- 
itions pertain, NEWTHERM is the logical material to use. 


Of major advantage on remote sites, 
NEWTHERM is unusually strong and 
rigid, and can withstand rough handling in transit 
and erection. In the case of vulnerable large-diameter 


sections, the hard surface offers excellent protection. 


Supplied in pre-formed 
sections and _ slabs, 
NEWTHERM is available in a wide range of standard 


sizes (and alsoas plastic). The smooth surface and straight 





edges permit easy and speedy fitting, with minimum 


joints and neat finish. 


NEWALLS INSULATION CO. LTD. 


Head Office: WASHINGTON, CO. DURHAM, ENGLAND. 
+3 A member of the TURNER & NEWALL ORGANISATION 
« j Offices & Depots at; LONDON, GLASGOW, MANCHESTER, NEWCASTLE 
a UPON TYNE, BIRMINGHAM, BELFAST, DUBLIN, BRISTOL & CARDIFF. 
NEW ALLS Agents and Vendors in most markets abroad. 
(res’é Bra" 


NEWTHERM calcium siticote iwculatin 


Please ask for your copy of the NEWTHERM booklet. Packed with information on 
limiting temperatures, thermal conductivity, compressive strength, applicational details, 
etc., it’s a must for your bookshelf. Copies available from sole manufacturers—NEWALLS 
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4 LU L 2 a w : Photograph by courtesy of U.K.A.E.A 


BOILER FEED PUMPS 
: FOR NUCLEAR POWER STATIONS 








6 low temperature 
units each rated for 
an output of 650,000 
Ibs/hour for the Chapelcross 
installation of the United 
Kingdom Atomic Energy Authority. 


Consulting engineers for the Chapelcross 
Atomic Power Station are MERZ & 
McLELLAN. Civil engineering contractors are 


Complete range of Boiler Feed Pumps the MITCHELL CONSTRUCTION CO., LTD. 
for nuclear and orthodox thermal 


plants including advanced class units. 


| SULZER BROS. (LONDON) LTD. 


write for literature to:- INCORPORATING HATHORN DAVEY & COMPANY LIMITED 


31 Bedford Square, London, W.C.| 
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STAINLESS STEEL FABRICATIONS 














Pressure Vessels all classes 
Vessels for storage and transport 
Condensers and Heat-Exchangers 


Pipework and Pipefittings 


+ + + + H HF 


metal work 


X-ray weld inspection 


% 


A 200 gallon stainless steel 
reaction vessel with coil jacket 
suitable for high pressure steam 





by the specialis s 





Laboratory Equipment and Holloware 


Ducting and other stainless steel sheet 








As specialists in the manufacture of stainless steel products for 30 years, we 
have exceptional knowledge of the material. Our staff are skilled in the design of equip- 
ment in this metal and our work people in its manipulation. You can therefore place your 
requirements in no better hands. 


THE pas 
— 
ITTINGS Co. Ltd. 


Head Office: Ring Rd., Lower Wortley, Leeds, 12. Telephone: Leeds 638711 PBX 
London Office: 14 Great Peter Street, London, S.W.1. Telephone: Abbey 1575 
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PLOTECTIVE GLASSES 


For further use in nuclear 


research we supply 


Bubble Chamber 


Windows 


made of best optical glass 
in untempered and temper- 
ed quality. Even large win- 


dows can be tempered. 


Cylindrical Blocks 
of Lead Glass for 

Cerenkov-Counters 
of high refractive optical 


glasses, especially free 
from colour. 


against Radio-active Radiation 


There are 10 types available with varying lead content and in densities from 
2.53 to 6.20. Among those there are also several stabilized types which will not 
become brown even under exposure to high radiation doses. The great number 
of glass types permits good adaptation of the thickness of the windows to that 
of the protective walls. Depending on glass type it is possible to produce blocks 
in sizes up to 1,3 m at thicknesses from 15 to 30cm. 





JENA®® GLASWERK SCHOTT & GEN.,MAINZ 


NUCLEAR 


POWER May 


Western Germany 
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“2 This solid, cast stainless Ze 


"a er steel runner for Scotland. 


illustrates the high quality of 
Men. a” 








backed by the latest 


. te: ive 
finish to'Very fine limits ded advances in technology, 
ieee 


eh We fectars'of maintain Boving Quality at 


' Beying turbine runners the highest standard. 
at of all types. High quality finish 





ensures high efficiency, 





<«< e increases reliability, and 
r ; ] n reduces costly outages. 
& CG a ITED 
VILLIERS MISE 41-47 STRAND LONDON wc2 


Sait oe 
ee P4087 
ag - 3 e* ie = - 
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the Joy WNI12 stationary compressor 





Vibration does not distinguish the on and off duty periods of this compressor. Only the 
subdued hum of industrious efficiency comes from this well-balanced mechanism. 
Disciplined by JOY design and manufacture, the WN-112 parades a number of impressive 


features which you may read about in publication AD/6 — gladly sent on request. 


| AIR POWER 


7 Harley Street, London W.1 









| piviston 
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Reactor 
pressure vessel 
stress relieving 

installation 
planned, erected 


and supervised 


RS Efco heating equipment inside 
es the world’s largest reactor pressuré 
sel r ieved. 
INTERNATIONAL vessel ever to be stress rel 
MACHINE TOOL 
EXHIBITION 1960 


June 25-Julys | 
| Otympia-Lendon | 


STAND No.6 
oe ELECTRIC RESISTANCE FURNACE CO., LTD. 


m 3054 NETHERBY. QUEEN'S ROAD, WEYBRIOGE. SURREY Weybridge 3891 
NRP/R30 


38 Tick No 36 on reply card for further details NUCLEAR POWER May 1960 














a is backed by the unmatched commercial 

il ) a ( 0) and technical resources of I.C.I. and 
Aluminum Company of America. 

s was formed by these two great 

if ) companies to give improved technical 
and supply service to industry. 

7 extrudes, rolls, draws and fabricates 

| aluminium and aluminium alloys. 

- delivers from stock the shapes and 

’ sizes most in demand by British users. 

sells through the world-wide 

| i ) 0) sales organisation of 

Imperial Chemical Industries. 

® 
aluminium products are obtainable 
through your I.C.1. area sales office. 


: . Imperial Aluminium Company Limited - Birmingham 
: 
: 








NUC 
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For General 
Volar hakels mia 


MILD STEELS, 
STAINLESS STEELS, 


and 


ALUMINIUM 
ALLOYS 


WE ALSO SPECIALISE IN 
DISHED AND FLANGED ENDS 
MAX.DIA.24" MAX. THICKNESS :” 
Made to suit Customer's — 
inspection requirements from BS/4¥ie. 
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A Vit.| contribution to Atomic Power .. . 











“WANDLESIDE” 


ARMOURED 
CABLE 
















~al | 
CALDER HALL 


Photo by courtesy U.K. Atomic Energy Authority 


With the advancement of Atomic 
Power, cables must play an important 
part in the efficiency and reliability 
in the production of Nuclear Energy. 
Only the best is good enough and Wandleside 


Cables are eminently suitable. 


CUTTATTS capies for Nuclear Energy 


WANDLESIDE CABLE WORKS LTD. 106 GARRATT LANE WANDSWORTH LONDON, S.W.18 
One of FALKS Group Telephone: VANdyke 7544 (5 lines) Telegrams: Wandleside, london 
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That’s to take rolling motion transient response 











into account, of course, sir... 






The Managing Director has a hundred responsibilities, the 


Research Chief one specialized field. Neither would claim 







that they spoke the same language. But this does not mean 


they do not understand one another. 






They both read Nuclear Power, for example. 







The Administrator relies upon a quick general reading to 


brief him on technical development and modern applications, 







while the scientist expects, gets and studies objective tech- 


nical evaluations of contemporary work over a wide field. 






We have many firms who subscribe to our Group Scheme 







so that separate copies of Nuclear Power can ‘ belong’ ex- 


clusively to different executives and that departments can 






have their own copies, too. This spreads information and 







understanding. It also spreads the cost. 


Write or telephone for details now. 
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The Dowling Damper 


T LONG LAST . . . A Damper to meet with the conditions in Boiler 
A and Power Station Flues and yet require the minimum of 
maintenance. The well known difficulties of traditional arrangement 
are overcome with the Dowling Damper which provides an economical 
and reliable seal between flue sections of all sizes. It is designed and 
constructed to withstand varying conditions of temperature, gas 
pressure, acids and dust that are prevalent in Boiler and Power 
Station Flues. It can be hand operated or power driven and supplied 
with air-operated seals if required. 

Several large contracts have been successfully negotiated for new 
Electrical Power Station projects and other applications are being 
considered daily. Conversions of existing unsuccessful Damper 
Installations to Dowling-type Installations have also been undertaken 
with good results. 

Enquiries are invited for application in new Power Station projects 
Boiler House installations and other applications in the Gas, Chemical, 
Cement and other industries where the control of hot gas and dust is 
required in ducting systems and chimneys. Write for fully descriptive 


leaflet to: 


‘ 


B. Thornton Ltd. Turnbridge Huddersfield Tel: 754l 
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Py: otenax Experience 






serves the Atomic ABs, ae of 
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Men are working on the lonely coasts of Britain, and vast and unfamiliar 
structures are rising to provide the Nation’s new electrical power sources. 


This is visible progress. Yet, in the changing scene there are constants. 
Pyrotenax M.I.C.C. Cables, for instance, have been the consistent choice of 
electricity supply authorities for years. Twenty years ago the most “‘modern” 
power stations installed ‘‘Pyrotenax’’— and the same original cabling still 
serves today. Little wonder that in this present age too, “‘Pyrotenax” is being 
specified for the lighting and power services in the various automic plants of 
the United Kingdom Atomic Energy Authority. Current generating may 
change, but current carrying is always best left to ““Pyrotenax”’! 





Main control switchboard at one of the United 
Kingdom Atomic Energy Authority Research 
Establishments showing Pyrotenax cables feeding 
lighting, power and instrument circuits. 


Power and instrument cabling at the rear of the 
main switchboard. (Contractor N. G. Bailey Limited 
Leeds.) 


PER TEL BY P f ~ : _ 
ERPECTEL Ex RIENCE non-fire causing—heat resisting— 


Py O t ce n rs moisture-proof—non-ageing—rust-proof— 
safe against overload—resistant to 


mechanical maltreatment—resistant to 


1. COPPER COVERED CABLE 


noise transmission— 





The use of the trade name ‘Pyrotenax’ is exclusive to the products 
of this Company and its associates 


PYROTENAX LIMITED 
HEBBURN-ON-TYNE - Telephone: Hebburn 83-2244/8 


there is no substitute for experience 


LONDON: ViCroria 3745 + BIRMINGHAM: Midland 1265 - MANCHESTER: Deansgate 3346/7 - LEEDS: Leeds 27826 - GLASGOW: City 3641/2 CARDIFF: Cardiff 23689 
GD 127 
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sure shield... 


in nuclear engineering 





WHY is lead so widely and 
successfully used as 

a shielding material 

for protection 

against gamma rays? 





BECAUSE it can 
easily be cast 
or fabricated 
into complex 
shapes. 
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EE NPHOV IE 


ENTHOVEN have 150 years’ 
experience in the smelting a 
refining of non-ferrous 
metals and an unrivalled record 
in research and development 
From Enthoven you 

can rely on getting not 

only lead of the high degree 
of purity required 

but expert collaboration 

in solving your nuclear 


engineering problems. 


SMELTERS AT ROTHERHITHE, LOND‘ 
AND DARLEY DALE, DERBYSHIRE 
H. J. ENTHOVEN & SONS LTD. 


Head Office: Dominion Buildings, 
South Place, London, E.C.2. 


Telephone: MONarch 0391 
Grams: Enthoven Pione London 
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FIRTH BROWN 


Firth Brown have developed several steels, 
notably Firth Brown “« CRM2”, Firth 
Brown «* MOVA (2)”’ and Firth Brown 
“CHROMVA-W ", which are suitable for 
stress parts such as bolts and studs 

which have to operate at elevated 
temperatures for long periods of time. 
CRM? is designed to meet a certain level 

of creep-resistance together with ability to 
develop a high tensile strength and a 

good resistance to embrittlement during 
service. Full particulars of the Firth Brown 
steels in this range are in Publication No 
226 which is available at once upon request. 





ALLOY STEELMAKERS + FORGEMASTERS 
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STEEL FOUNDERS ° HEAVY ENGINEERS 


THOS FIRTH a JOHN BROWN LIMITED 


SHEFFIELD 


ENGLAND 





Special bolts made in CHROMVA-W 
Steel used on a stop valve for a high 
pressure steam turbine. Initial 
temperature 1050°F. at 1500 Ibs. per 
square inch. 


1. Ltd. 
Photograph by courtesy of A.E. ‘ 
TeckineGonereter Division, Rugby. 
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From Elliott Nucleonics...a new approach to Reactor Control Instrumer atioy 





WORLD’S FIRST COMPLETE RANGE OF 
TRANSISTORISED REACTOR INSTRUMEN § 





...all with the convenience 
of sub-unit assembly 














Every sub-unit a completely self-contained plug-in 
assembly. Not only can standard Elliott models be 
adapted to widely differing requirements, but 
servicing is made easy. The use of transistor tech- 
niques throughout is a major improvement over 
thermionic instruments. Reliability is enhanced 
and the need for special cooling equipment is 
eliminated. Size has been reduced ... price has 
been reduced — ye: optimum reliability is assured. 


Comprehensive 
Ratemeter and Period Meter. 







Comprehensive Scaler. 


BAT. et ELLIOTT NUCLEONIGS LIMITED 


ELLIOTT 


i 2 Century Works, Lewisham S.E.13 
nucieonics ‘phone, TIDeway 1271 ‘grams, OHM, London, Telex 


A member of the Elliott-Automation aay LA j 
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Helically gilled extended surface 
tubing in zirconium. The gills, 
which are integral with the base 
tube and disposed helically around 
the tube periphery, provide maxi- 
mum heat transfer properties and 
strength. 


A flexible duct for instrument 
control which consists of anumber 
of small diameter seamless stain- 
less tubes interwoven to form a 
single cable and then helically 
coiled to obtain flexibility. One 
of the tubes is left open to carry 
gas and the rest contain insulated 
wire for the electrical circuits. 








Designers have a habit of asking for the impossible, but in a 
Surprising number of cases Accles & Pollock produce an answer 
that enables the production people to translate the concept on the 
drawing-board into a physical, functional form. Accles & Pollock 
welcome all such opportunities to co-operate in developing new 
applications in the form of tubes and tubular sections. 





Mineral insulated thermo-couple 
consisting of two dissimilar 
thermo-electric conductors 
welded together at a point, em- 
bedded in highly compressed 
magnesium oxide insulant and 
completely encased in a small, 
circular austenitic stainless steel 
tubular sheath. 





Accles & 


Pollock 


Technical Information Sheets discussing tubes and their applications are available on request. 


ACCLES & POLLOCK LIMITED : OLDBURY -« BIRMINGHAM - A @ company 


Makers and manipulators of COLD DRAWN SEAMLESS and WELDED PRECISION TUBES in carbon and alloy steels, 


including stainless steel, and other metals. 
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Complete Conitrol. 


is yours through... 


Skinner Solenoid Valves 


There is a SKINNER VALVE for almost any flow 
application with a wide variety of media; air, oil, water, 
inert gases, hydraulic fluids, kerosene and petroleum. 


Four-way V9 series : a compact direct- 
acting all-purpose 4-way valve. 





Rivett Hydraulic 
& Pneumatic Equipment 
Includes valves and cylinders for 


pneumatic or hydraulic applications over * 
an extensive range of types and sizes. 


Lever operated 4-way valve for 
manually operated directional control. 





Atkomatic Solenoid Valves 


Thi 
the 
lar: 


and $"—2” in 3-way. Primarily for air, water oil and 


é Are available in sizes of }”—3” in 2-way 
steam applications. 


Type F 2-way pilot operated valve. 


AllenAir Hydraulic 
& Pneumatic Equipment 


Covers a wide field of valves and cylinders 
for all applications. Also included is a range > 
of air operated rotary indexing tables. 





10” diameter pneumatic cylinder. 
Oil-dyne 
Ii ‘ Complete packaged hydraulic power units comprising 





motorised pump, reservoir and valve gear. Pressures 
range to 3000 p.s.i. with a displacement of 2 g.p.m. 


} h.p. Pump and Reservoir Unit. 





THIS RANGE OF EQUIPMENT, THE MOST COMPREHENSIVE IN THE WORLD, IS 
AVAILABLE THROUGH BRITISH ARCA REGULATORS LIMITED, TOGETHER WITH 
THEIR OWN ESTABLISHED RANGE OF CONTROL EQUIPMENT. 


BRITISH CRSP) REGULATORS LIMITED a i 
SISSON ROAD . GLOUCESTER . ENGLAND ES ; 


—_= 


Telephone: GLOUCESTER 2490! Telegrams: Arcaregul, Gloucester London Office: 25 Victoria Street, London, $.W.!. Telephone: ABBey 4/2! 
@ COMPRESSED AIR & HYDRAULICS EXHIBITION — Stand No. 109. @ INSTRUMENTS, ELECTRONICS & AUTOMATION EXHIBITION — Stand No. R 807 


| N 
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This press has been supplied to the Whessoe Company of Darlington for 
the shaping of the heavy steel plates required for the shells of the 
large reactor pressure vessels of nuclear power installations. 


son ‘FIELDING’ 4,500 tons, multi-ram, 
,- \< upstroking plate press, designed 
Of ~ to carry out the shaping of heavy 


*| \e —a steel plates. The press will accept 
ae fern. the largest plates that are being 
ere a . \ manufactured by the British Steel 


Industry today ; with a substantial 


eo / 
a- margin for future development. 
° The pit in which the press is housed 
** is 31ft. in depth and the weight 
witty supported by the foundation is 780 


tons. Hydraulic power for press 
operation is supplied from high and 
low pressure ‘FIELDING’ 
accumulator systems, the high 
pressure circuit being powered by 
‘FIELDING ’ H.3. type three 
throw pumps. 


4,500 tons Multi-ram 
Upstroking Plate Press 


FIELDING & PLATT LIMITED 


ENGINEERS - GLOUCESTER »- ENGLAND 
Member of the Heenan Group 
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IMPORTANT 
DEMINERALISATION 
PLANTS 














William Boby & Co. Ltd. have been entrusted 
with the execution of the demineralisation water 


treatment plants at: 


CHEMSTRAND LTD., N. Ireland 


(Main Contractors : Messrs. Constructors John Brown) 


For their new ‘“ACRILAN’ factory at Coleraine, N. Ireland, Messrs. Chemstrand have 
installed a 10,000 galls. hr. ‘Boby’ demineralisation plant for process and boiler feed water. 


The plant comprises the following sections: 





Coagulation and Settlement — Filtration — Cation Exchange — Weakly basic Anion 
Exchange — Degassing — Mixed Bed lon Exchange. 


VEITSILUOTO 0/Y, 
Finland WATER 


The Veitsiluoto paper mills of Finland have installed : 
a 13,400 galls hr. ‘Boby’ demineralisation water treatment 
plant for feed water for boiler working at 1,750 p.s.i. 

The plant comprises the following sections : 


Coagulation and Settlement—Filtration— Cation Exchange TR FEAT M ia NT 
Weakly basic Anion Exchange — Strongly basic Anion 


Exchange. 








Established in 1875 





WILLIAM BOBY & CO. LTD. 


RICKMANSWORTH, HERTFORDSHIRE, ENGLAND. Telephone: Rickmansworth 425!* y 
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PLANNAIR 
GAS CIRCULATION 
BLOWERS FOR 





NUCLEAR PROJECTS 


Re-affirming their leadership in matters of forced fluid 
flow temperature control, Plannair are now engaged 
upon intensive design and development of gas circu- 
lating blowers for various nuclear projects. 

Ambient pressures in which these circulators work 
range from normal atmospheric to 300 p.s.i. at tem- 
peratures up to 350 C ... and the gases involved are 


carbon dioxide, nitrogen and helium. Pressure rises 
through circulators extend up to 30 p.s.i. and flows 
through units cover a range up to 8000 Ib/hour. 





Circulators are usually of the high speed motor driven 
type with specially designed radial impellers, motors 
being gas and liquid cooled. 

Zero leakage is an important feature of these designs. 








WUE specialists in air movement 
gE ag 


Piannair Limited - Windfield House - Epsom Road - Leatherhead - Surrey 
Telephone: Leatherhead 4091/3 








‘AY PLA30 
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Theres. no excuse for 
CORROSIO! 


vi enernede 
vesssrversesvaces steee ne weet 
< see 


see 








Many thousands of tons of steel are lost 
through corrosion every year and much of 
this can be saved. There is a remedy. 
**Superlative’’ Metal Primer provides a 
positive protection against corrosion for all 
ferrous metals. It is quicker and easier to 
apply than conventional Lead Coatings and 
is infinitely cheaper. But, as efficiency is the 
factor that matters, and ‘‘Superlative’’ is so 


economical and so effective, it pays to specify 








kiko CORROSION 
AT THE SOURCE 


iit 


Our Techniservice will gladly answer all enquiries. 


BRITISH PAINTS LIMITED 











Portland Road, Newcastle upon Tyne, 2. by APPowtn 1 
HER MAJESTY QUEEN ELIZABETH I 
Northumberland House, 303/306 High Holborn, London, W.C.1. 31 Wapping, Liverpool, 1. MANUFACTURERS OF PAINT 


BRITISH PAINTS LIMITED 


BELFAST* BIRMINGHAM BRISTOL* CARDIFF * GLASGOW * LEEDS * MANCHESTER* NORWICH * PLYMOUTH 
SHEFFIELD * SOUTHAMPTON * SWANSEA AND ALL PRINCIPAL TOWNS 


eee naa ae 
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fotally enclosed, lubricant free — circulate gases 
up to 700 C, 2,000 psi, without contamination .... 


STATOR WINDING 


GAS BEARING 
ROTOR 


GAS BEARING 


OUTLET 


IMPELLER 
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GAS BEARING COMPRESSOR 











ANOTHER ENGINEERING ADVANCE 
BY BRISTOL SIDDELEY 


One of the largest manufacturers of motive power units in 
the world, Bristol Siddeley Engines Limited produce gas 
bearing compressors. The range covers a very wide per- 
formance capacity, from 0°—-700°C gas operating tempera- 


ture, 15 2,000 psi and 0.5 2,000 hp power input. 


These Bristol Siddeley compressors have been designed 
specifically for systems where contamination from lubri- 
cants or leakage to atmosphere cannot be tolerated. Each 
unit, fitted with hydrodynamic-type gas bearings, is totally 
enclosed and no seals are required between the impeller and 


the bearings. 


Gas bearings have several great advantages over oil 
lubricated bearings: the load-carrying capacity increases 
with speed, temperature and pressure; the bearings are 


supported on a film of the gas which is being circulated in 


the system, so there is no metal-to-metal contact under 


operating conditions and wear and maintenance are reduced 






POWER May 


1960 


to an absolute minimum; perfect cleanliness is preserved 


at all times. 


Applications 

Bristol Siddeley gas bearings were developed originally to 
meet the extremely fine limits of operating purity and 
precision of manufacture demanded by the advent of nuclear 
engineering. But gas bearings have many other applications 
where a rotating shaft must be supported in such a way 
that nocontamination and leakage can be allowed and where 
the supply of chemically pure fluids or gases is essential: 
in the textile, chemical engineering, pharmaceutical, food 
storage and processing industries, to name but a few. 

For further information about Bristol Siddeley gas 
bearing compressors and gas bearings, please write to 
H. J. Prince, Sales Manager, Reactor Components Division, 
Bristol Siddeley Engines Limited, P.O. Box 17, Coventry, 
England. 


BRISTOL SIDDELEY ENGINES LIMITED 
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RIGHT AT THE CORE: 


OF ALL 
_- BRITISH REACTOR} 











Low neutron capture 
cross section 


High apparent density 
Good strength 


Ease of machining 





Nuclear grades of “Acheson’’ Graphite have now 
been supplied in considerable tonnages to the United 
Kingdom Atomic Energy Authority for Calder Hall A 
and B Reactors, Chapelcross, and for the new Atomic 
Stations now in construction by the Nuclear Power 
Consortia Companies. There is no doubt that the 
very high quality and moderating efficiency of 
“Acheson” Graphite have been thoroughly proved 
by full scale performance in present working Reactors 


British Acheson Electrodes Limited, of Grange 
Mill Lane, Wincobank, Sheffield, have manufactured 
and supplied more nuclear graphite than all other 
Companies in the world. 


ACHESON 


TRADE MARK 


GRAPHITE 


The term ‘ACHESON’ is a registered trade mark 
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resenting the world's greatest range of electronic components. instruments, systems 


Beckman: 25: 


INTERNATIONAL 


Make a point of visiting Stand R805, National Hall Gallery to 


see the latest in precision instruments, including... 


Duodial Precision Turns-counting Dial 





Zeromatic pH Meter 


Eput Meter * Digital Recorder 
Industrial pH Equipment 


Helipot Precision Potentiometers }> 





Portable Oxygen Analyser 


Gas Chromatograph 


Dissolved Oxygen Analyser 


123 Data Logger 


Universal Eput and Timers 


Infrared Spectrophotometer 





4 Digit Controller + Digital Volt-Ohms Meter 





Recording Spectrophotometer }» 


Beckman */ Instruments Limited Beckman */ Instruments GmbH 


Glenrothes, Fife, Scotland Frankfurter Ring 115, 
Tel: Glenrothes 2151 Munich 45, Germany 
Telex: 72135 Tel: 33.25.85 Telex: 05123823 
Grams: Beckman, Glenrothes Grams: Beckman, Munchen 
Vv 187 
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/HE 1960 NUCLEAR POWER 
YEAR BOOK & BUYERS’ GUIDE 


NOW IN ITS 3rd EDITION 


the Nuclear Power Y ear Book and 


Buyers’ Guide is the only comprehensive 
publication of its kind in the world 


CONTENTS 


ing indication of sources of supply. Pre- 
cautions to be taken in the use of radio- 
active substances. 


1 1960 Review 
An uptodate critical review of the 
British nuclear power scene, details of 
the British nuclear contracting groups 
and the electricity generating authori- 5 Company Addresses 
ties, data on British reactors, map of Titles, addresses, directors, home and 
nuclear energy establishments and overseas branches of nearly 2000 British 
power stations. firms supplying the nuclear energy 
2 World Authorities industry. 
The history, organization and plans of 





all national atomic energy authorities 
and international bodies. Addresses of 
establishments and names of leading 
officials. 

Technical Data 

Articles and tables on reactor physics, 
instrumentation and special metallurgy. 
Isotope Section 

A 60-page table giving the principal 
properties of all known nuclides includ- 


6 Buyers’ Guide 


Firm’s products classified under 750 
different headings. 


Trade Names 
Products identified under registered 
titles. 


Who’s Who 
Biographical details of over 600 lead- 
ing men in British nuclear energy. 











Revised from cover to cover the 3rd edition of NUCLEAR POWER YEAR 
BOOK and BUYERS’ GUIDE is essential for management, designers, 


operators and research workers in the field of atomic energy. 


Order your copy now—price £ 2.12.6 (post free) 


ROWSE MUIR PUBLICATIONS, 


THE ROWSE MUIR BUILDING, 77-79 CHARLOTTE STREET, LONDON, W.1, ENGLAND 
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Over a Ton : 


of Aluminium A loy = 
spun to : 


lO ft. i/a x fi 


One of a number produced fo ¢ 
pressure vessels to hold liquid air 7 
this 10 ft. aluminium end was spun § ; 
by Harveys on the Rotarpress. The | : 
12 ft. flat discs needed for spinning p 
these ends, which are believed to ‘ 
be the largest spun aluminium 


ends produced in this country, | 
were formed by butt-welding two 


plates of aluminium alloy together 


The Rotarpress is one of the large-capacity units in 
Harveys Heavy Fabrication Department. It produces 
ends up to 15 ft. diameter and is adaptable over a wide 
range of knuckle radii and depths. 

The contours of semi-ellipsoidal ends produced by the 
spinning process enable plate thickness to be reduced, 
and in most cases tool costs are eliminated. Enquiries 





are invited for ends only or for complete 
FABRICATION OF PRESSURE VESSELS. 


@ ——E 


HARVEY 





G. A. HARVEY & CO. (LONDON) LTD. 
Woolwich Road, London, S.E.7. GREenwich 3232 (22 lines) 


Other Harvey facilities: FABRICATIONS UP TO 120 TONS IN ONE 
PIECE - HEAVY MACHINING AND FITTING - HEAT TREATMENT AND 
RADIOGRAPHY * STEEL PLATE AND SHEET METALWORK * PERFORATED 
METALS - WOVEN WIRE - WIREWORK Hel? 
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« International Rak is a completely universal flexible rack system. It can carry British, 


Great advance in rak design! 


Imhofs n¢ 
America ontinental fixings. It packs flat for easy storage or transpereation. There are five 
standard each made in four different heights and four different plan sizes—a choice of 80 
diferent rd raks in this new series! There is a choice of normal front panels, one-piece front 
panel or ed front panels with removable door. Skilful design ensures an elegance of appeeranes 
that enha sut does not dominate the instruments. The standard hammertone finishes are ideal 
for reliab ind long service; other finishes are available to special order 


Ein grosser Fortschritt im Bau von Instrumentengehausen! 





rnational” System von Instrumentengehausen ergibt ein Héchstmass an Anpas- 
n, amerikanischen und kontinent n n nnen untergebracnt 
n Aufbewahren und Transportieren flach zusammenlegbar. Ausgefihrt in finf 
nen Héhen un r den en der Grundflache—eine 
normten Gehausen in dieser neuen Reihe! Ebenso steht eine Auswahl! 
L rf ng, aus einem Stick hergestellte Vorderwande oder riickspring- 
r n 4 Tir. Sachkundig ausgefuhrte nienfuhrung ergibt ein schnittige 
A nte eten lasst, nn e zu unterocrucKken Die normale Fertigung 
F t rlasslichkeit un Lebensdauer besonders geeignet; andere 
Arten r tigun nd auf Sonderbesteliung erhaltiicr 


Grand progrés dans le developpement des ‘raks’! 


Le nouveau Imrak International Rak fabriqué par Imhofs est un systéme d’étagére flexible et 
entiérement universel. Ce systéme peut porter des montages Britanniques, Américains et 
Continentaux. Il en existe cing types normaux, fabriqué chacun en quatre hauteurs dif- 
férentes, et en quatre différentes grandeurs de plan—en tout, un choix de 80 différents 
raks normaux dans cette nouvelle série! Il y a un choix entre des panneaux avant normaux, 
des panneaux avant en une seule piéce et des panneaux avant 4 embrasure, comportant une 
porte amovible. Un dessin soigné donne lieu a un fini élégant qui fait ressortir les instruments 
san les dominer. Les finis normaux au marteau sont |'idéal pour la sdreté et la durée du 





fonctionnement, d'autres finis peuvent étre obtenus sur demande 


‘Un gran adelanto en el diseno de bastidores! 


International Rak de Imhof es un sisten bastidores completamente 
” nt tan ar ntinen S paqueta 
to n r tencincot n C uno del 

ntas y plant nt una varied 
le I bien ece un aneles frontales no 

4 | nbutic con puerta d bl Su concepcion esmeré 
nstrument sin dominarlos. | acabados normal al mart 
su seguridad y larga duracion, pero se dispone de otros acabados contra pedido especial 


Look : 

1 Five different types— 
cubicle raks, enclosed 
raks, forced ventilation 
raks, induced ventilation 
raks, totally enclosed raks 


2 Strong, accurately- 
made framework of pres- 
sed steel gives excep- 
tional rigidity 


3 Captive nut system of 
panel mounting gives 
maximum flexibility 


4 The standard specifi- 
cation includes a host of 
special features—locks, 
quick-release and lift-off 
hinges, decorative trims, 
provision for lifting eyes 
and many more 








Beachten Sie: 








4 Ein nze Anzahl von 

sondereigenheiten get 

ren Zz N ormalaustuh- 
el, Scharn 








zenund 
A n, Verzierungen, 
Osen zum Aufheben, und 
noch vieles andere 











imrak international series 


Voyez pour vous-meme: 


1 Cing types différents 
—raks a coffret, raks re- 
couverts, raks avec aéra- 
tion forcée, raks avec 
aération induite, raks 
complétement recou- 
verts 

2 Le chissis, robuste et 
fabriqué avec précision 
en téle d’acier emboutie, 
est exceptionnellement 
rigide 

3 Le systéme a écrou in- 
desserable du montage de 
panneau, donne une flexi- 
bilicé maximum 

4 La spécification nor- 
male comprend une mul- 
titude de caractéristiques 
spéciales—serrures, char- 
niéres a déclenchement 
instantané et amovibles, 
garnitures décoratives, 
dispositions pour hausser 
le croc, et autres 


Stand H 360, 1.E.A. Exhibition, Olympia, May 23—28 


SW 
Belgium: Rogelec, Ghent 
Canada: “4 r 


NUCLEAR POWER 


ment Engineering Ltd, 


Alfred Imhof Ltd. Dept N5, Ashley Works Cowley 


IMHOFS AGENTS OVERSEAS 


‘ Denmark: Tage Schouboe, 
Australia: Aladdin Industries (Pty) Ltd, 


Copenhagen 


Finland: Oy Scienta Ab. Helsinki 
Germany: Sunvic Regier GMBH 


Solingen—Ohligs 


Holland: J. Th. van Reijsen, Delft 
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universal y flexible. 
2 plano para mayor 
s cuales se suministra 
jad de 80 bastidores 


ada le da un estilo 


rmales, paneles en 


illo son ideales por 


le ofrece: 


1 Cinco tipos distintos, 
a saber, el de cubiculo, el 
errado, el de ventilacion 
€ tilacion 
nducida y el completa- 
vente cerrado 





2 Un armazén de acero 
prensado, robusto y fab- 
ado con precision, y 
nN uNa rigidez excep- 
anal 
3 El sistema de tuerca 
mperdible que se emplea 
en el montaje de los 
paneles y que propor- 
ciona flexibilidad maxima 
4 La especificacién nor- 
mal incluye nmumerosas 
caracteristicas especiales, 
tales como _ cerraduras, 
charnelas de accidén rapida 
y amovibles, guarniciones 
decorativas, disposicion 
para ojos de izar y muchas 
mas 


nouvelle! 











NEW! 





London Showroom : 

112-116 New Oxford Street 
London WCl 

Museum 7878 


Mill Road Uxbridge Middlesex England Uxbridge 6231 


italy: Stuart Culley, Milan 
New Zealand: |marex Ltd, Auckland C3 
Norway: Birger Christensen, Oslo 


U.S.A.: Bud Radio Inc. 
Cleveland 3, Ohio 
British Guiana: 


Portugal: Porjectos e Construcdes LdaLisbon Davsons Carribbean Agencies Ltd, 


Sweden : Electroniund AB, Malmo C 


Georgetown 


Switzerland: Walter Blum, Zurich 2/39 
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BACKWARDS 
QUITE €, 
REGULARLY rca: we ie se 


our customers satisfied!) 


. 
a 


Special and individual requirements are our particular speciality. And we go to great 
lengths (including bending over backwards) to see a job well done— 

and to see that our customers are happy! 

Over 30 years’ experience and ‘know-how’ has been built-in to our range of over 100 
automatic control valves. People control water with them, gas with them, oil with them, 
steam with them and a host of other industrial liquids and gases too! Mushrooms are 
grown with them, jam is made with them and ships cargoes are frozen with them! 

You'll find that expert consultation and advice cost you absolutely nothing at MVC. Our 
full experience is at your disposal. Many times, what has first appeared to be impossible 


has been achieved! Why not write now for our new comprehensive catalogue No. 31 


which contains full details of our complete range! 








The Magnetic Valve Company Ltd 


7 KENDALL PLACE +» BAKER STREET - LONDON : W.1. HUNTER 1801 
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THIS 


is a masterpiece 


Because it’s in the hands of a master 
craftsman. This Marston light alloy in- 
dustrial heat-exchanger is being made* 
with the same skill and attention to 
detail which typifies all Marston products. 
If you’re contemplating engineering, 
chemical, petroleum or nuclear power 
plant that calls for components to un- 
usual specifications, consult us at the 
design stage: our experts can contribute 
much to the smooth, speedy and eco- 
nomical execution of your plans. 


Process plant - Bursting discs 
Pressure vessels - Heat-exchangers 
Pipework:Special-purpose machines 


in aluminium, titanium and other non- 
ferrous metals. 


*For British Oxygen Engineering Ltd. 


MARSTON EXCELSIOR LIMITED 
A subsidiary of Imperial Chemical Industries Limited 


Fordhouses, Wolverhampton. 


MAR,280 
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WIN THE BATTLE OF THE BUR i,, 
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BUILT UNDER LICENCE FROM | B. 0. MORRIS LTD. - BRITON ROAD + COVENTRY 
HAMMOND MACHINERY BUILDERS INC. U.S.A. Telephone: 53333 (PBX) Telegrams: MORISFLEX, COVENTRY. a 
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Spun pipe output—a scene any 
hour of the day at Clay Cross. 


Right, one of our recent 84” 
diameter pipe bend castings for 
water distribution. Our found- 
ries are especially suited for 
such work for power stations. 


t=---) SPUN and CAST 
IRON PIPES 


for vital services 
IN THE PROVISION OR REMOVAL OF WATER 


RY | CLAY CROSS (IRON & FOUNDRIES) LTD., CLAY CROSS, DERBYSHIRE 
i 
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Butterfield 





make a successful and important adva ice: 
in the Welding of Aluminium Bro ze) 
Alloys which are highly resistant to sea 
water—a big anti-corrosion feature in 
fabrications for the Nuclear Engineer 





The Aluminium Bronze water and 
return box equipment illustrated 
was fabricated ‘and welded by: 
Butterfields in co-operation with 
N. C. Ashton Ltd., who supplied 
the plate, forgings, and welding 
wire. 





Welding throughout was by inert | 
gas processes, and mainly by meta 
inert gas. | 


these anti-corrosion Alloys can 
now be welded to other materials, 
the mild steel flanges in this 
equipment were layered with 
Aluminium Bronze. 


Enquiries are invited for the 
application of Aluminium Bronze 
to pressure vessels, evaporators, 
heat exchangers, condenser tubes, 
tube plates, and similar equipment. 





¥ 
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i Demonstrating how effectively 
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W. P. BUTTERFIELD LTD. P.O. BOX 38, SHIPLEY, YORKS. © 
Telephone 52244 (8 lines) 
BRANCHES: London Telephone HOLborn 2455 (4 lines) Birmingham Telephone EAS 087! ' 


For ease of reference on all 
enquiries, please quote N/P/5 


& EAS 2241 Bristol Telephone 27905 Liverpool Telephone CENtral 0829 Glasgow 2 
Telephone CENtral 7696 Dublin Telephone 73475 & 79745 GR 
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for a variety 
of fluids 


These couplings are made in a range of materials from aluminium alloy to 




















nert 
etal 


stainless steel, some for withstanding high temperature conditions. They 


vely | : ' , 
! are completely hermetically self-sealing when disconnected but auto- 
can 
al matically provide an uninterrupted flow when re-coupled. 
Tals, 
this Our engineers, with a background of many years of experience in the design of 
ith coupling and hoses, are always ready to consider your problems and to make suitable 
sie recommendations. Leaflets giving details of self-sealing couplings and Lockheed-Avery 
flexible hoses, will be sent on application. 
Lockheed-Avery industrial hoses, types 77 and 99, and their end fittings, are available 
the ex stock from any of Edmunds, Walker & Co. Ltd. branches. 
nze 
ors AVERY DIVISION, LOCKHEED PRECISION PRODUCTS LTD 
ni SHAW ROAD, SPEKE, LIVERPOOL 24 
bes, Telephone: Hunts Cross 2121 Telex 62394 Telegrams: Lockheed Liverpool 24 Telex 
ent 
KS. a = 
' J 
087! i ONE OF THE 
sgow | AUTOMOTIVE 
PRODUCTS 
GROUP 


1960 
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WALKER’S HELP KEEP 
BRITAIN’S LEAD IN 
NUCLEAR POWER 


y Pr hn Mil) Eis 


| ab, UES 
H, THEO%, 


‘LION’ 
CHEVRON 
& 
TWINSET 


Packings on 4,500 ton press 


Walker’s packings are used throughout a 4,500 
ton hydraulic plate press at Whessoe Ltd., 
Darlington. Possibly the largest of its type in 
the world, it was designed specially for the 
shaping of spherical pressure vessels for atomic 
The 


from well over 1,000 tons of steel 


power stations. made 


have walls 
up to 4 inches thick which are pressed from 
plates weighing up to 10 tons. 


pressul e% essels 


_ "WHESSOE * 


ENaL AND o4 


= al pa 


sma SG Se 


, 
a & 


The illustration above shows this giant plate press 
built by Messrs. Fielding & Platt. 


Free technical literature on 
Walker’s ‘Lion’ Chevron and 
Twinset packings, which are giv- 
ing such outstanding service on all 
types of presses throughout the 
world, will be sent on request. 


je 


; aks 

, ” os Sigry é Gd 
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is 








TIB.340 


James WALKER & CO. LTD. 
‘LION’ WORKS, WOKING, SURREY, ENGLAND 
Telephone : Woking 2432 (Telex. 8521 ). Telegrams : ‘Lioncelle Woking Telex’ 


. 9 ee Se ee a ee - RY ive at, ae Ve -Wm 8 
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Rio Tinto 1s now able to supply 


uranium in commercial quantities 





for power and research programmes 


nU INTL 


Nuclear grade uranium products now available include the 





following : 


AMMONIUM DIURANATE -  URANYL NITRATE HEXAHYDRATE 
° URANIUM TETRAFLUORIDE ‘ 
CERAMIC GRADE URANIUM DIOXIDE ° URANIUM METAL 


Facilities exist for fabrication to individual requirements. 


Enquiries are invited to 


RIO TINTO MANAGEMENT SERVICES (U.K.) LIMITED 


Barrington House, 59 Gresham Street, London, E.C.2. Telephone METROPOLITAN 9101 
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SAINT-GOBAIN 


Prospecting for uranium ore 


Production of metallic uranium 


Through the S.E.T.U. (Société d’Etudes et de Travaux pour 
Uranium) construction at Narbonne, on behalf of the 
French Atomic Energy Commission, of a plant producing 
1000 tons/year of uranium of nuclear purity. 

This plant is operated by the S.R.U. (Société pour le 
Raffinage de |’Uranium) 


Atomic fuel 


Design and manufacture of fuel elements by the C.E.R.C.A. 
(firm specializing in atomic fuel). 


Handling and mechanical treatment of irradiated fuel elements 


Design and construction of storage plant and mechanical 
decanning plant for irradiated fuel. 

Construction for the C.E.A. of a plant for the mechanical 
decanning of the bars used by the G2 and G3 piles at 
Marcoule. 


Chemical treatment of irradiated fuel 


Reprocessing and metallurgy 
Extraction of fission products 


Hot laboratories fully equipped 


Services Nucléaires SAINT-GOBAIN—19 Av. Georges 
Clémenceau, Courbevoie (Seine) FRANCE 








Radiation-shielding porthole built by SAINT-GOBAIN for the 
CHINON nuclear power station 
(ELECTRICITE DE FRANCE) 





MARCOULE, FRANCE: Reprocessing Plant designed, built and set into operation by the Saint-Gobain Company for the 
French Atomic Energy Commission 
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TANTON 





ooceaeeeatahaete® 


: PIPES ARE USED IN 
| & NUCLEAR AND CONVENTIONAL 


POWER STATIONS AND IN OIL 
REFINERIES THROUGHOUT THE WORLD 


SPUN IRON PIPES 


for water, gas or sewage 


SPUN CONCRETE PIPES 


for circulating water & drainage 


o-0- 
ore" 











: PRESTRESSED CONCRETE PRESSURE PIPES “ 
for water services = 


FLANGED SPUN IRON PIPES 
for oil handling 


THICK WALL SPUN IRON PIPES 


for ash & dust disposal mains 


THE LARGEST CAST IRON & CONCRETE PIPE MANUFACTURERS IN GREAT BRITAIN 


THE STANTON IRONWORKS COMPANY LIMITED NEAR NOTTINGHAM ENGLAND 
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For controlled 
pipe movement . . 


GON-TEN 


REG. TRADE MARK 


fia 










oa 


CONSTANT TENSION 
PIPE SUPPORTS 





The Con-Ten system has not only been tested, 


but proved in industries and power stations all 





over the world. No matter what the load or the 


pipe movement, or the problems met, there 


‘D’ 
Ld 


Sa iii vil 
—e 


is a Con-Ten to provide the most adequate and 


EPP pt fp toed popeiatenenonbototetetopepotttep ttf 


permanent support available. Loads from 100 Ibs. 


to 14 tons and pipe movements up to 18” can 


/ 


be controlled by constant tension supports 
in the Con-Ten range. 


Contact us now for full information. 


UCU UUUUUOGUUUUG UG 


British Patent Nos. 474008, 720074, 720075, 697987, 816976, 
U.S.A. Patent No. 2/29320. 





AAAAAAALLS 


BRITISH INDUSTRIAL 


ENGINEERING COMPANY (STAFFS) LIMITED 
CORONATION WORKS, HAINGE ROAD, TIVIDALE, TIPTON, STAFFS. Telephone: TIPTON 1222/3/4 
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Rotax Recirculating Ball Threads are over 
90 per cent efficient. All ball threads and 
nuts are completely reversible, but locking 
devices can be supplied if required. Stabi- 
lised and made of special materials, they 
remain accurate indefinitely. ‘Clean’ nuts 
simplify fitment. 


SPECIFICATION 
Operating load 


...up to 80,000 Ib. 
Standard Shaft length 


Sonne up to 20” 





NUCLEAR 


POWER May 


1960 


(Longer lengthscan besupplied for specific 
applications.) 


Standard Pitches....-200” -218” -250” -500” 
(Non standard pitches can be supplied.) 


Shaft diameter aa up to 4” 
Life 10,000,000 reversals 
Temperature range........—90°C to + 100°C 


(usingspecial materials, temperature range 
can be extended up to + 950°C.) 


INDUSTRIAL GROUP, 


ROTAR 
RECIRCULATING 
BALL THREADS 


Most advanced of their kind 


-used throughout industry. 


APPLICATIONS 

Machine Tools, Printing Industry, Instru- 
ments, Industrial Valve Control, Missile 
Control Systems, Nuclear Engineering, 
Wind Tunnels, and many others. 


If you would like information on Rotax 
Recirculating Ball Threads, Linear Way 
Bearings, Switch gear, Compressors, 
Level Crossing Barriers, Electric or Pneu- 
matic Motors, please write or telephone: 


ROTAX LIMITED 


WILLESDEN JUNCTION, LONDON, N.W.10 (ELGar 7777) 
LUCAS-ROTAX (AUST.), PTY LTD., Melbourne and Sydney, Australia. 
LUCAS-ROTAX LTD., Toronto, Montreal and Vancouver, Canada. 
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CRITICAL FACILITY TANK at Greendale Laboratories measures 12 ft deep with a 9-ft diameter. 


ALLIS-CHALMERS GREENDALE RESEARCH and development 
center for nuclear power includes the critical facility con 
taining a full-scale mock-up of the Pathfinder reactor. 
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NRN (italian National Committee for Nuclear 


Research, Milan, Italy). 5,000-kw heavy-water 
research reactor 


NUCI 


EAR POWER May 


1960 


Trailblazer 
for Pathfinder 


Full-scale critical facility 
Speeds nuclear superheat 
calculations at Allis-Chalmers 
Greendale Laboratories 


When this reactor at Allis-Chalmers nuclear test 
facility ‘“‘went critical” on schedule late in 1959, a 
big step was taken toward successful completion of 
the world’s first power reactor with integral nuciear 
superheat. The initial use of this valuable research 
tool will be for studies of the reactor core for Path- 
finder. This controlled recirculation boiling water 
reactor is owned and will be operated by Northern 
States Power Co., Minneapolis, Minnesota. 

This is just one of the major test facilities at 
Greendale Laboratories. Others include a steam sep- 
arator test loop, complete facility for developing 
underwater handling techniques, a battery of corro- 
sion loops, heat-transfer loops, water purification 
filter tests, and other experimental facilities. 

These modern development facilities round out the 
comprehensive service Allis-Chalmers offers the nu- 
clear power field. In addition to broad engineering 
and production capacity—plus more than a half-cen- 
tury’s association with electrical power generation, 
transmission and distribution — Allis-Chalmers has 
a staff of specialists experienced in reactor design, 
construction, and operation. Here is a source of com- 
plete responsibility from investigation to start-up. 


Ask for new facilities book 43B9541 — This 
28-page brochure covers different reactor designs, 
laboratory and production capabilities. See your 
Allis-Chalmers representative, or write Atomic En- 
ergy Division, AlliseChalmers, Milwaukee 1, Wis. 


A-1246-R 


eee TRESS POSES 
SUIS SScOR GINS 
aan. 
RCN (Reactor Centrum Nederland, Amsterdam). R-2 (Atomic Energy Co. of Stockholm). 


High-fiux materials testing and research reactor. High-flux research reactor for fuel de- 
Reactor vessel is immersed in a pool. velopment and nuclear research. 
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FABRICATIONS 


ALUMINIUM, ALUMINIUM 
ALLOYS, FULL RANGE of 
HEAT RESISTING STEELS 
including the NIMONIC 
RANGE, STAINLESS STEEL, 
TITANIUM, NICKEL, LOW 
CARBON STEELS and 
ALLOY STEELS. 


Manufactured to 
customers.own specifications 


and withia HIGH=STANDARD 
of WELDING opproved by 
A.1.D.. A.R.B. ADMIRALTY and 
LLOYDS. 

4 


UNIVERSAL BOILERS AND ENGINEERING CO. LTD 


FULLEDGE WORKS — BURNLEY — LANCASHIRE — ENGLAND 
TELEPHONE: 3121/2 and 3203 Burnley (3 Lines) Grams: ‘UNIVERSAL’ Burnley 


Associated with BURNLEY AIRCRAFT PRODUCTS LTD Fulledge Works, Burnley Tel: 3121/2 
also Grosvenor St. Stoneyholme, Burnley Tel: 3184 and Britannia Works, Queensgate Burnley Tel: 4102 
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R§M LIGHT DUTY BEARINGS... 


RANSOME & MARLES BEARING COMPANY LIMITED 
NEWARK-ON-TRENT * TELEPHONE 456 + TELEX 37-626 
BRANCHES «* OFFICES AND AGENCIES THROUGHOUT THE WORLD 
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BUTTERS DERRICKS 


e low first cost 


e lower maintenance 
costs 


@ lower cost of 
operation 


© minimum maintenance 


@ simplicity, reliability 
and high efficiency 


SO ere 

< ee oe 
= 

. 





BUTTERS BROS. 
& CO. LTD. 


Maclellan Street, Glasgow, S.| 
and at LONDON, BIRMINGHAM & NEWCASTLE 


FOR HARD SERVICE AND LONG LIFE THE BUTTERS DERRICK is UNSURPASSED 
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Victoria Road 


If you make a product which needs pressure 

instrumentation or control under extreme 
conditions you should know about the 

Solartron High-temperature Transducer 

N.T. 4-317. Whether it’s engines, weapons, 

missiles—or even plastic toys—you can 
learn more about your product, faster, 

more accurately, with these tiny pick-offs 

which are remarkably stable and linear 
even up to 600° F. 

Small wonder then that Bristol Aircraft 

Limited chose the NT. 4-317 in 


developing their outstanding T.188 
supersonic research aeroplane. 
Pressure ranges are from 100 psig 
to 5,000 psig, compensated 
temperature range is 
—65° Fto + 600° F. 


Write now for data sheets 
of this and other transducers in 
the Solartron range. 
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THE SOLARTRON ELECTRONIC GROUP LTD 


(Transducer Division) 
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Specially constructed 
tankers of 9 or 10 ton 
capacity already make express’ 
deliveries of liquid carbon 
dioxide to-the U.K.A.E.A. 
power stations at Calder Hall 
and Chapel Cross. 


1.C.1. is supplying two compl: te 
liquid carbon dioxide storage 
tanks, each of 123-ton capaciiy, 
for the U.K.A.E.A.’s Advanced 
Gas-cooled Reactor at Windscale. 


1.C.1. liquid carbon dioxide meets in full the exacting 
requirements of the atomic energy industry, and it is 
available whenever and wherever it is wanted. For over 
a quarter of a century, pure liquid carbon dioxide has 
been produced by Imperial Chemical Industries Ltd. 

in a continuously running plant. The production 
capacity has guaranteed —and will continue to 
guarantee — regular and adequate supplies of 

liquid carbon dioxide in bulk. 


For development projects and experimental 
work, the ‘Drikold’ Liquefier is available — 
inexpensive, simple and quick to operate. 
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vi EK WP OINTS letters to the Editor 


Emergency shut-down devices 


SIR: | have had a number of enquiries 
from readers about remarks I made 
in my article reviewing reactor engin- 
eering developments in 1959 (NUCLEAR 
power, January 1960). One of these 
which came from the USA was rather 
significant 

Why 
the latest British reactor designs are 
fitted with ‘emergency shut-down 
devices Has some new discovery 
been made which suggests that there 
is danger of a runaway accident? It 


s it, said the enquirer, that 


seems to me that this is a legitimate 
question which should be answered, 
think that my reply which fol- 
lows may be of general interest. 

The 


devices has no 


so | 
decision to incorporate these 
connexion with any 
new ideas about the kinetics of gas- 
cooled reactors. The positive modera- 
tor temperature coefficient of these 
reactors when operating without full 
plutonium build-up considerably ex- 
ceeds numerically the negative co- 
efficient of the fuel. Thus the reactor 
is inherently unstable; if super-critical- 
ity is not controlled deliberately by 
means of absorbers, the temperature 
can rise continuously until a melt- 
down of fuel occurs. 

In other words, the safety of the 
reactor is completely dependent on 
the correct operation of the control 
rods, which must be capable of enter- 
ing the core at all times. Only one 
circumstance could conceivably cause 
them to jam, viz. a gross distortion 
of the core sufficient to physically 
block the control rod channels. I 
understand that the Japanese thought 
this could happen under earthquake 
conditions and the boron steel ball 
device was developed by the GEC for 
them. The balls will run in even after 
the core is tipped over at an angle 
and will render the reactor sub- 
Most importantly it is pos- 
sible to design such a device so that 
it can be operated without damage to 
the core and it can be re-loaded again 
without difficulty, e.g. by using com- 
pressed air. 

What I think has happened is that 
the authorities have realized that such 
could do no harm in all 


critical 


a ievice 


1960 


and have 
future designs. 

I must explain that the above re- 
presents my opinions on this subject 
as a neutral observer but I would like 
to say that I think that more authori- 


reactors specified it for 


tative statements should be made 
either by the AEA or the CEGB 
about matters of this kind in order 


to prevent undesirable speculation. In 
the USA, Hazards Reports are avail- 
able to the public on all reactor pro- 
jects and I think it is highly desirab’e 
that we should have something similar 
in this country. 
Chief Engineer, 
Nuclear Dept., 
Kennedy & Donkin 


R. F. W. GUARD 


Springfields uranium plant 


SIR: My attention has been drawn to 
a quotation in the January 1960 issue 
of NUCLEAR POWER. On page 130 you 
refer to a comment I made at the 
BNEC Symposium on the Second 
Uranium Plant at Springfields. You 
quote me as having implied that ‘as 
the design calculations had not been 
borne out in practice, in future plants 
they would try to avoid stage inter- 
dependence ’. 

Whilst this is a correct quotation it 
should have been pointed out that I 
was referring to one specific point 
in the design of section of 
the Second Plant, and not 
to the whole of that plant as your 
comment would infer. 

The on design 
tions referred only to the pressure 
drop across mixer settler contactors 
and this difficulty can be overcome by 


one 
Uranium 


comment calcula- 


avoiding stage interdependence in the 
design of the contactors. 
Deputy Chief Engineer, 
(Windscale Plants), 
Risley, Lancs. 


L. P. SHORTIS 


Indian fuel elements 


SIR: page 94 of the 
January 1960 issue of NUCLEAR POWER, 
Atomic 
Trombay has 


Referring to 


that the 
Esiablishmen 


may I point out 
Energy 
already made some of the fvel ele- 
ments for Reactor 
and is in a position to supply the 
entire first charge but, in order to 


the Canada-India 


E 5 


NUMBER 49 


meet the wishes of the Canadian 
authorities, it has been mutually 
agreed to use some Canadian fuel 
elements in the first charge; more 
than half of the first charge, however, 
will Indian-made fuel 
elements. 

The pool-type reactor, Apsara, was 
entirely designed, constructed and 
commissioned by personnel of the 
Trombay Establishment, the only out- 
side assistance being in the supply 
of fuel elements by the UKAEA as 
these fuel elements could not be made 
in India as they contain enriched fuel. 
Government of India, _ E. C. ALLARDICE 


Atomic Energy Establishment, 
Bombay 


consist of 








PUBLISHER'S COLUMN 
Whilst change for the sake 
of it is not a good thing, 
the hall-mark of a success- 
ful journal is its constant 
watch on readers’ require- 
ments. We have felt for 
some time that certain regu- 
lar features need a new 
approach, and with this 
issue some changes have 
been made. The new Busi- 
ness News feature will re- 
port concisely for manage- 
ment on both home and 
overseas company activities 
while short items on new 
engineering ideas and devel- 
opments will now be in- 
cluded in the Progress in 
Industry feature. The Points 
from Papers feature will be 
devoted to important re- 
ports, surveys and papers 
and a selection of new re- 
ports will be listed. The 
importance of a good gen- 
eral news coverage has been 
recognized by extending the 
length of Worldview to 

eight pages. 
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FOR RADIOACTIVE 


AND TOXIC MATERIALS 


NUCLEAR EQUIPMENT LIMITED 
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Overhaul export tactics now 


BRAZIL'S DECISION to invite tenders for a gas-cooled 
graphite-moderated type of power station and the revival 
of interest in India (see Worldview, this issue) have 
increased the possibility of the United Kingdom gaining 
another export order. So far only two have been secured 
(Japan and Italy), and it may be profitable to take a close 
look at British tactics and see if they might be modified 
for the future. It seems safe to assume that British engin- 
eers will continue to design the best power stations of this 
type: if the country fails in competition with overseas 
groups, it is more likely to be for reasons involving money 
or politics. 

The need for Government financing of exports to meet 
similar competition overseas is, of course, increasingly 
necessary. Too often, British bidders are faced with 
having to match long-term low-interest loans for con- 
struction and artificially low fuel prices, plus generous 
terms for the supply and re-processing of fuel backed 
by other governments. The normal assistance the British 
bidder gets is through the Export Credits Guarantee 
Department, which, however, does not provide finance 
for the exporter, but only guarantees insurance. This 
undoubtedly makes it easier for the prospective exporter 
to get a loan, but normally only at prevailing home 
interest rates. 

There have been signs recently that the Atomic Energy 
Authority is prepared to lower its prices for fuel elements ; 
it could be maintained, however, that the best policy 
would be to go all the way and start quoting now a 
figure which really reflects the world market price of 
uranium, rather than waiting for the expiration of exist- 
ing contracts with producers. 

The Authority has also improved the policy on fuel 
element guarantees. During the course of 1959, it agreed 
to buy back elements which failed almost immediately 
at the actual selling price; it seems, though, that the 
policy of allowing a constant buy-back price over a 
burnup range of about 1000 MWd per tonne centred on 
3000 MWd per tonne is still in force. This means that the 
lower figure—2500 MWd per tonne—is used when nego- 
tiating for export orders and this compares unfavourably 
with that used by other countries. 

A factor which has undoubtedly hampered export suc- 
cess in the past is the fog of uncertainty surrounding de- 
classification. It has not been unknown for a member of a 
British team to refuse information requested by a pros- 
pective buyer on the grounds that it was classified, only 
to be told that another British group had disclosed infor- 
mation on the same subject quite freely. If the United 
Kingdom is to reap an adequate benefit in the export 
market from its immense investment in the atomic energy 
industry, British groups must be free to discuss their 
reactors with prospective customers in as much detail as 
may be required. Two of the most important subjects are 
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concerned with graphite and the effects on it of neutron 
irradiation, and, of course, operating experience with Calder 
Hall and Chapelcross; this includes in-pile irradiation 
experiments. It seems fantastic to expect overseas coun- 
tries to buy a Calder Hall-type reactor while denying them 
the basic data from which they may verify the maximum 
fuel element burnups achieved in what are, after all, the 
only stations of this type actually working in the United 
Kingdom, or disclosing data to one or two selected per- 
sons in conditions of great secrecy. 

In some cases, material is classified for quite arbitrary 
reasons of commercial security which have nothing what- 
soever to do with official secrets. In other cases the rea- 
son for classifying or merely withholding information is 
quite obviously to try and keep worrying problems hid- 
den until they have been solved. Considerable damage 
has been done to the prospects for British-designed reac- 
tors by an appalling lack of frankness on such subjects 
as positive temperature coefficients, instability, and Wigner 
energy storage. When unforeseen technical problems are 
encountered, it is in the long run far better to tackle the 
subject out in the open, even when it involves a serious 
amount of re-designing, than to work feverishly behind a 
wall of secrecy which cannot in the end be maintained. 
The facts will leak out somehow, and sometimes in a 
distorted and highly-coloured form. 

When design changes do become necessary after a con- 
tract has been given, the cost of these should, of course, 
be borne by the seller, and unwillingness to do this in some 
instances has not improved British prospects: it merely 
implies that the designers are not completely confident 
of their product. The lead given in America last year by 
the Westinghouse Corporation (Worldview, November 
1959) in guaranteeing their prices was a sensible and 
praiseworthy move. 

Turning to the matter of safety, British groups have 
found to their cost that the simple statement: ‘ the design 
has been approved by the Atomic Energy Authority,’ has 
not always, by itself, completely reassured prospective pur- 
chasers. The American method of preparing detailed safety 
reports for each reactor type and making them freely 
available to possible buyers well before putting in an 
actual bid has proved so obviously superior to the British 
way of answering questions only when asked, that the 
industrial groups have very much improved their practice 
in this respect. It cannot be emphasized too strongly that 
every conceivable accident should be discussed spontane- 
ously and openly with any possible buyer. 

The complete story of Britain’s efforts to sell reactors 
overseas in the last few years is a very complex one. Much 
has been learned and there seems no reason to doubt that 
if properly backed by the government and the Atomic 
Energy Authority, the British atomic energy groups will 
yet make a substantial contribution to exports. 
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Conventional oils cannot live in conditions of atomic 

radiation. Such conditions are inseparable from 

certain parts of any mechanism designed to produce 

power from nuclear fission. 

This, and other allied lubrication problems, was the 

challenge which faced oil technologists everywhere. 

And, as so often in the past, Wakefield-Dick’s research team 

produced the answer. An entirely new series 

of oils and greases, resistant to radiation 
and named “‘Nucleo!”, is now available to - eee | ae 

lubricate the wheels of this Atomic Age. é.. | , aaa A Wakefield-Dick research chemist investigating 


e__ the effects of radiation on lubricants. 


Two examples of the 
NUCLEOL range 


NUCLEOL 522 A radiation resistant lubricant 
based on selected mineral oils of high arcmati- 
city and containing special inhibitors. 
NUCLEOL G120 A grease gelled with a new 
pound, and ially inhibited. Designed for 
the lubrication of control actuator bearings 
operating at the lower radiation levels 
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GEC bids against strong French competition in India 


The existence of strong French competi- 
tion in the bid to build India’s first 
nuclear power station was brought out 
by Mr. R. N. Millar, managing director 
of the General Electric Company's En- 
gineering Group. Mr. Millar, who re- 
cently returned from a two week trip to 
India and Japan, told NUCLEAR POWER 
that the GEC would be submitting a 
turnkey tender for two 150 MW reactors 
for the Indian station in the first quarter 
of next year. 

‘It’s not certain that we will get the 
order but it’s on the cards that Britain 
will get the order’, he said. ‘ Our princi- 
pal opposition comes from France. This 
is the first time we have come up against 
French opposition and they can be con- 
sidered as serious competitors. In the 
long run, | think credit will be the 
deciding factor’. The GEC, Mr. Millar 
added, would get the usual credit insur- 
ance from the Exports Credits Guaran- 
tee Department but it was unlikely that 
there would be Government assistance 
on the scale given by other countries. 

Confirmation of the existence of a 
French mission in India last month 
comes from reports from Paris. These 





USSR 
low-powered research reactor now in 


This recent picture shows the 


Operation at the Georgian Science 
Physics Institute 
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say the mission had a proposal to sub- 
mit to the Indian Government to build 
the station. Backing this bid was the 
existence of the Indo-French agreement 
providing for large French credits for 
equipment and development. 

Mr. Millar said he did not know the 
French companies concerned in the 
Indian bid but he did know that there 
had been a representative from the Com- 
missariat 4 Energie Atomique (CEA) in 
Japan who, however, was concerned with 
dealing with licences for French designs 
rather than with selling stations. His 
own visit to Japan had been concerned 
with checking up on a few details of the 
Tokai-Mura contract. 

Mr. Millar left the United Kingdom 
at the end of March on his visit at the 
invitation of Dr. Homi Bhabha, head of 
the Indian Atomic Energy Commission. 
*[ had discussed the matter with Dr. 
Bhabha on several occasions and he in- 
vited me to come to India to talk the 
matter over’, Mr. Millar stated. 

‘India really wants to buy a Calder- 
type reactor and to build natural uran- 
ium reactors so as to get plutonium to 
use in advanced-type reactors’, he 


added. ‘We shall be sending out our 
engineers in about six months time to 
investigate further details and to see if 
they (India) can manufacture further 
plant ’. The Indian plans called for four 
stations, each with two 150 MW power 
reactors. 

However, Mr. Millar did point out 
that there was one possible snag. That 
concerned the International Atomic En- 
ergy Agency safeguards over the use 
of plutonium. The Russians had indica- 
ted that they were not concerned about 
applying these and the Indians said that 
if the British applied these safeguards, 
they would not buy the reactor. They 
were willing to give an undertaking not 
to use the plutonium for military pur- 
poses but were not keen on the idea of 
having a large number of inspectors at 
their plant. ‘I will have to discuss this 
matter with the appropriate authorities 
here’, Mr. Millar stated. 

Asked whether the United States 
would probably sell its reactors to India, 
Mr. Millar replied: ‘I think it’s possible 
that they (India) might buy one of two 
US reactors but they really want to buy 
natural uranium reactors ’. 


The Royal Navy gets a research reactor 


London The Royal Naval College at 
Greenwich, London, is to be supplied 
with a light water-moderated natural 
uranium subcritical facility made and 
marketed by Miles Hivolt Ltd. It will be 
operated together with a pulsed neutron 
source and is based on a design produced 
for the University of Birmingham’s 
Physics Department with the help of the 
Department of Scientific and Industrial 
Research. Total cost is estimated at 
£13,500 including about £5000 for the 
subcritical unit. 

The combination of the pulsed or con- 
tinuous neutron source and the sub- 
critical reactor may be used to study 
many of the important parameters of 
nuclear reactors. As well as studying the 


steady state conditions, the dynamic 
characteristics can now be predicted and 
studied. A further advantage for teach- 
ing facilities is that the equipment can be 
turned off and made completely safe. 

In the design, the lattice plates are 
vertical with the natural uranium rods 
placed horizontally in between. Reflected 
and non-reflected experiments are pos- 
sible using one of two tanks which can 
be raised into position and then filled 
with demineralized water. 

The neutron generator uses a 150 kV 
positive ion accelerator with suitable 
neutron producing targets coupled to the 
reactor via a stainless steel drift tube 
which can be passed through the reactor 
in any one of four positions. 
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@ United Kingdom IBM (UK) Ltd. have 
announced that the Central Electricity 
Generating Board have placed an order 
for a 709 data processing system to use 
for work on the design of nuclear reac- 
tors. Cost is expected to be over £400,000 
and installation is to be in early 1961. 


@ IAEA The proceedings of the Inter- 
national Symposium on Medical Radio- 
isotope Scanning held in Vienna in 
February 1959 have been published by 
the International Atomic Energy Agency. 


® Belgium The alternator for the pres- 
surized water reactor BR3 at Mol has 
been completed and is being sent there 
by the main contractors, Ateliers de 
Constructions Electriques de Charleroi. 


LATINA STAFF AT CALDER HALL 


Tenders to be invited for Brazilian reactor 


London Kennedy and Donkin, the con- 
sultant engineers, have now signed a for- 
mal agreement with the _ Brazilian 
National Commission for Nuclear Energy 
for the preparation of an invitation to 
tender for a gas-cooled graphite-moder- 
ated reactor in the 150-200 MW range 
(see Worldview, March). Signatories were 
Admiral Octacilio Cunha, president of 
the Commission, and Mr. G. F. 
Kennedy. The invitation to tender is ex- 
pected to go out in August this year. 

The station is to be sited by the Mam- 
bucaba River in the state of Rio de 
Janeiro, about half-way between the 
cities of Sido Paulo and Rio. 

The agreement, signed towards the end 





Italian engineering staff who will hold key 


posts in the British designed nuclear power plant at Latina, near Rome, undergcing 

part of an intensive training course at Calder Hall to provide them with operating 

experience. They are under the direct supervision of UKAEA staff. The special 

facilities afforded by this course, which includes a period at Calder Operation 

School as well as a period in the power station itself, are similar to those which 

have been available to the UK Central Electricity Generating Board, South of 
Scotland Electricity Board and Consortia staff for some time 


Dounreay shuts down for experiments 


London The 15 MWe fast breeder reac- 
tor at Dounreay, which has been shut 
down for three months, is to have modi- 
fications carried out to the core. The 
shutdown is according to programme and 
completes the first phase of experiments, 
says the UK Atomic Energy Authority. 
The reactor has been working at a low 
power level since it went critical on 
November 14, 1959. 

The changes to be made in the core 
are to make it a more flexible facility 
so that a wider variety of types of fuel 
can be tested. The core is hexagonal, 
21 in. high and 20-Sin. across the flats 
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and is made up of 45°% enriched uran- 
ium fuel elements surrounded by a blan- 
ket of 1827 natural uranium rods, eight 
feet long and 1} in. diameter. As an ex- 
perimental tool, the reactor has been 
designed so that minor and major com- 
ponents may be easily replaced when 
different designs have to be tested. 
Since the reactor went into operation, 
an intensive programme of physics and 
research has been carried out. This has 
aimed at providing information for the 
operation of the reactor at higher power 
levels and to help in the design of a 
prototype fast breeder reactor. 


of last month, also provides fo <ennedy 
and Donkin to appoint Ame an cop. 
sulting engineers to work with ‘hem. 
Meanwhile, it is reported ‘hat §; 
Octavio Augusto Dias-Carneir’ a mem. 
ber of the Brazilian Nationa ymmis- 
sion for Nuclear Energy, has cen ap. 
pointed as superintendent of Mam- 
bucaba project. Plans are being 
made by the Brazilian Gove: nent to 
work out legal rules on ti party 
liability and insurance in connec on with 
its nuclear power programme, particy- 


larly the Mambucaba project, : a legal 
expert from the Internationa! Atomic 
Energy Agency is going to azil to 


advise on these questions. 


UK Nuclear Installations Act 
now in force 


London With the coming into /orce on 
April 1 of the Nuclear Insiallations 
(Licensing and Insurance) Act, the pub- 
lic can claim compensation direct from 
the operator of a nuclear installation for 
personal injuries or property damage 
caused by the release of radioactivity on 
a licensed site. 

The regulations are also concerned 
with injury or damage caused or likely 
to be caused by any emission of ioniz- 
ing radiations or by radioactive or toxic 
substances and the procedure to be fol- 
lowed. They would also apply if there 
were an accident during the disposal of 
waste or the transport of irradiated fuel 
In addition, the Act provides for regula- 
tions to cover the safe design, siting, in- 
stallation, construction, operation, modi- 
fication and maintenance of a nuclear 
installation. 

The Act does not require the installa- 
tions of the Atomic Energy Authority to 
be licensed but nuclear installations 
already operating which required a 
licence on April 1 were two research re- 
actors owned by private firms. Other 
licences which came into force are those 
relating to the five nuclear power sta- 
tions being built by the Central Elec- 
tricity Generating Board. However, at 
these sites it is unlikely that substan- 
tial radiation hazards will possibly arise 
for a year or more. 


Suisatom progress held up 

Berne Main obstacle to Suisatom AG's 
plan to build an experimental power 
station of about 10,000-15,000 kW at 
Villigen in the Aargau is lack of govern- 
ment aid. The company’s annual report 
says an application to the Government 
for an interest-free loan redeemable in 
15 years had to be withdrawn although 
Suisatom believed that the building of 
an experimental nuclear power station 
would have justified such assistance. The 
report also disclosed that the Govern- 
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Americal 

preferenc Swiss-designed reactor 
to be b two industrial groups. 
Suisatom | only give up its original 
plan if U ew undertaking had any 


real prosp< f success says the report. 
US and Euratom fall out 

sagreement on the way the 
research programme should 


Brussels 
US-Eurato 

be tied to the 
tion proposed for after 1963 has been 
expressed by the Euratom Commission. 
The US authorities were told that the 
Commission would not agree to issuing 
invitations for the second part of the 
power reactor programme unless it were 
recognized that the research programme 
should not be too closely tied to power 
construction plans. The present surplus 
of conventional forms of energy made it 
necessary for flexibility in the interpre- 
tation and carrying out of the agreement 


power reactor construc- 


for cooperation. 

The Euratom statement added that the 
US had said it was ready to open negot- 
iations on lightening, as far as possible, 
the financial obligations of those taking 
part in the power programme. 

The United States was also prepared 
to discuss the replacing of the present 
systems provided deferred pay- 
ments for the purchase of uranium-235 
by Euratom members with another mak- 
ing the fuel available on hire. 


which 































WORK AT WINDSCALE The latest progress picture of work on the UK 
prototype advanced gas-cooled reactor (AGR) being built at Windscale, 
Cumberland, shows the first of four heat exchangers being lowered. into 


position within the secondary shield 


inside the containment vessel. The 


ultimate objective of the AGR is to gain operating experience of a carbon 
dioxide-cooled, graphite-moderated power reactor using a different type of 
fuel canning material from Calder Hall and working at a higher temperature 


OEEC forecasts electricity supply position 


when 
nuclear power will become competitive 
10th annual re- 
port of the Organization for European 
Economic Cooperation’s Electricity Com- 
This would happen in all parts 
of Europe towards 1975 on the basis of 
about 6000 hours per year running time 
though the report says this is ‘the most 
optimistic assumption ’. 

The safest assumption, the report adds, 
would be that nuclear energy will not 
succeed in becoming competitive with 
conventional energy before 1975. Should 
hat be so, after the 5000 MW brought 
nto service in 1965, the rate at which 
new plant will come into service should 


Paris Another forecast as to 


has been made in the 


nittee 


settle down at the 1965 level i.e. at one 
1000 MW per annum. Nuclear capacity 
would thus be only 15,000 MW by 1975. 

The maximum nuclear capacity which 
can be reasonably expected for the 
OEEC countries as a whole is said to be 
55,000 MW. This figure could only be 


exceeded if nuclear power stations be- 
came mpetitive with conventional 
thermal plants for running times of less 


than 6000 hours a year. 
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The report also discusses the outlook 
for the electricity supply industry which 
it describes as extremely favourable. 
Member country forecasts up to 1964 
predict an average increase in consump- 
tion of 6-5 per cent per year without 
any perceptible sign of saturation. 

Long-term requirements and the means 
by which they can be met are also dis- 
cussed. Country estimates suggest that 
power consumption in 1975 should be 
about three times higher than in 1955. 
The period in between should see a 
gradual decline in the part played by 
hydro power due to the exhaustion of 
more profitable sites and the first contri- 
butions by nuclear energy. 

Among points made in the report's 
conclusions is a recommendation that it 
would be wise to base investment pro- 
grammes to a greater extent on long- 
term forecasts of demand. Power con- 
sumption was_ increasing extremely 
regularly; long-term programmes would 
eliminate as far as possible the effect of 
short-term fluctuations which = greatly 
hampered civil engineering firms and the 
manufacture of equipment of all kinds. 


@ Italy Professor Felice Ippolito, secre- 
tary general of the Italian National Com- 
mittee for Nuclear Research, has been 
confirmed as chairman of the Advisory 
Committee of Euratom’s Supply Agency. 


Research facility at Padua 


Padua A _ natural uranium subcritical 
assembly at the Upper School of Applied 
Nuclear Physics of the Italian National 
Committee for Nuclear Research 
(CNRN) at the University of Padua is 
expected to go into operation shortly. 
The fuel is being supplied by CNRN 
and is being prepared at the Commit- 
tee’s laboratory in Milan. 


German isotope uses increase 
Bonn Use of radioisotopes by West 
German research institutes and industrial 
firms is increasing rapidly according to 
a recent statement by the West German 
Atomics Ministry. This said that the 
number of concerns importing radioiso- 
topes more than doubled last year com- 
pared with 1958. A feature of this was 
that institutes and firms generally re- 
quested units of much smaller radiation 
power than in the previous year. 
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Italian scientists protest 
Rome _ The 
Nuclear 


Managing Council of the 
Physics National Institute re- 
cently called the attention of the Italian 
Parliament to the need for the govern- 
ment to pass legislation and make econo- 
mic provisions to help Italian scientific 
research. The Council pointed out that 
the legislative-financial status of nuclear 
research had not made any 
since autumn last year. 

This follows closely the pattern estab- 
lished by the Physical Research Workers 
Union and representatives of the Ispra 
Centre Research Association earlier this 
year when they expressed dissatisfaction 
at the state of nuclear research in Italy. 
They also asked the Government to face 
up to and to solve this question 


progress 


UK power costs again 
London The break-even date for nucleat 
power costs would probably be within 
ten years, according to the Minister of 
Power. He was asked recently in the 
House of Commons about the trend of 
comparable building and running costs 
between oil, coal and nuclear power 
stations. His forecast takes into account 
the fall in the uranium price and the 
drop in capital costs of nuclear power 
stations. The Minister said that neither 
building nor running 


precisely forecast. 


costs could be 


Bleak future for marine 


organic-moderated reactor ? 
London The Organic Moderated Reactor 
(OMR) can probably be ruled out as a 
long-term project because of 
limits on the temperature of the coolant 
stream to 370°C (692°F) says Dr. T. W. F 
Brown, Director of The 
Marine Engineering 
and Development 


marine 


Parsons and 
Turbine Research 
Association. Above 
that temperature, he says in a review of 
marine engineering, read to the Institu- 
tion of Naval Architects, the polymeriza- 
tion rate would be far too high. Other 
bars are fire risks and the disposal prob- 
lem of liquid wastes. However, it was 
probably the cheapest reactor offered at 
present for marine use. 


Strontium rise and fal! 

London The average level of strontium-90 
in milk over the United Kingdom for the 
12 months ending June 1959 increased 
by about 40 
age ending 


over the 12 months aver- 

December 1958, says the 
report of the Agricultural Re- 
search Council's radiological laboratory. 
However, figures for June 1959 indicate 
that a decline in strontium fallout has 
already begun. The document, published 
by the Stationery Office, records the 
levels in milk during the first half of 
1959 and in pasture and animal bones 
during the latter half of 1958. 


second 
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PROGRESS AT HUNTERSTON Work is now going on round the clock on vessel 

fabrication at the Hunterston nuclear power station being built for the 

of Scotland Electricity Board by The General Electric Co. Ltd. This picture shows 
one of the steam-raising units nearing completion 


Outh 


Europe must depend on nuclear power 


Paris Europe will again have to turn to 
nuclear energy in 


‘a few years "—at most 


10-20—to avoid dependence on imports. 
says the second annual report of the 
European Nuclear Energy Agency. 


Economic recovery and industrial ex- 
pansion within that time would lead to 
an energy demand that could not be satis- 
fied by conventional fuels, at least with- 
out resulting in a growing burden on 
foreign payments, and perhaps even an 
inability to satisfy energy requirements. 

However, the report points out that 
because of the cutting down of certain 
programmes and the delay 
out some projects, the maximum forecast 
of nuclear energy production in 1965 
would be 7000 MWe against an earlier 
forecast of 8500 MWe, By 1975, produc- 
tion should rise to 35,000 MWe. 

The cost of electricity during the period 
1960-65 from nuclear power stations 
would be between 0-85 to 1-5 cents per 
unit (0-73 to 1-3d). This would be appre- 
ciably above the average cost of conven- 
tionally generated electricity in the same 
period (about 0-6 to 0-94d per unit) al- 
though it indicated the possibility of the 
economic use of nuclear power stations in 
certain regions. But, the report says, the 
estimates made at this stage are subject 
to reservations because of lack of nuclear 
power plant operating experience. These 
uncertainties concerning the economics 
of nuclear energy are of particular im- 
portance in a buyer’s market where pro- 
duction costs for the different forms of 
energy become a dominant consideration. 

Consequently, European countries must 
take full advantage of the respite offered 


in carrying 


by the temporary abundance of conven 
tional energy to gain experience, develop 
and improve reactor types, 
new types and solve the technical pro 
blems still outstanding. Joint action was 
essential if the countries were to cover 
the full field of research and experiment 
which far exceeded their individual capa- 
cities and if they were to make suffici- 
ently rapid progress in developing the 
new techniques demanded by the funda- 
mental transformation of their basic in 


investigate 


dustries. 

Other points from the report are 

Eurochemie The construction of the 
plant and laboratories, which should be 
finished in 1963, will be carried out on 
an international basis. 
going on to find a formula to associate 
a satisfactory number of interested com- 
panies in the final design of the project 

Halden The time needed to carry oul 
the project has slightly exceeded forecasts 
and the question of extending the period 
of joint operation, initially planned for 
three years, is now under study. The 
extension would be used to make fuller 
use of the experimental facilities afforded 
by the reactor and particularly its opera- 
tion at full power with the second fuel 
charge. 

Dragon Staff at this project at the UK 
Atomic Energy Authority’s establishment 
at Winfrith Heath now number 140 ol 
whom half are from Europe. The num- 
ber will eventually increase to between 
250-300. First tenders for the main [re 
actor elements, the shielding, heat eX 
changers and other equipment, are to be 
invited. 


Negotiations are 
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JAEA accepts equipment 


offer by the US 
Vienna ‘fer of equipment valued 
at about 128 by the US Govern- 
ment has iccepted by the Interna- 
tional Atomic Energy Agency. The 
equipme! itended for projects under 
the Age technical assistance pro- 


gramme 


Technical assistance missions 


An IAEA preliminary technical assist- 
ance mission is to be sent to Greece. 
Morocco. Tunisia, Sudan, the Ivory 
Coast and the Federation of Mali to 


collect information and advise on atomic 


energy programmes in these countries. 
A further 20 nuclear experts are to be 
sent to Afghanistan, Austria, Brazil, Iran, 
Iraq, Korea, the Philippines, Turkey, 
Venezuela and Yugoslavia. In addition, 
Iraq, the Philippines and Yugo- 
equipment 
connexion with the work of 


Austria 


slavia will receive some 
needed in 


these experts 


Health and safety measures 

A series of measures to protect health 

safety in energy 
assisted by the IAEA has 
been passed by the Agency’s Board of 
Governors. The main provisions are that 
the state assisted by the IAEA will sub- 
mit a list of 
people in 
applied and 


and ensure atomic 


operations 


radiation exposures of 
safety standards 
a statement of the types, 
amounts and mode of radioactive waste 


radioactive 


excess of 


disposals and release of 


materials 


Middle East isotope centre 

A proposal for the establishment of 
a regional radioisotope centre in Cairo 
for the Arab countries is being considered 
by the IAEA. A final decision will be 
made after a fact-finding mission in the 
Middle East has published its findings. 


e@ The striking photograph of EDF 2 on 
our last month’s cover was taken by M. 
Decker of Saumur, who also took the 
ones of Chinon appearing in the text. 


French heavy water 
reactor plans 


Paris Work is to go ahead this year on 
the building of France's first heavy water 
gas-cooled power reactor, EL 4. This is 
built at Morlaix in Brittany 
according to reports here. The decision 
taken means that French producers and 
processors of raw nuclear materials will 
have to step up their plans to take in 
this new development. 


to be 
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The ‘ Six’ hold talks on 
nuclear propulsion 
Prussels 
member countries discussed legal prob- 
lems involved in the development of 
nuclear merchant shipping at a recent 
conference here. The general aim of the 
talks was to enable members to coordi- 
nate the position they will adopt at the 
London conference on the safeguarding 
of life at sea to be held from mid-May 
to mid-June. The conference is said to 
be the beginning of a programme of co- 
operation aimed at drawing up a frame- 
nuclear merchant 


Euratom experts from the six 


work of laws on 


shipping. 





IAEA LABORATORY Mr. Julius Raab, the Austrian Federal Chancellor, greets the 
International Atomic Energy Agency’s President, Mr. Sterling Cole, while visiting 
the Agency’s laboratory being built at Seibersdorf, Vienna 





OVERSEAS 


Oak Ridge investigates accident 


Oak Ridge Further tests are being car- 
ried out by the USAEC’s Oak Ridge 
National Laboratory on an employee 


who was overexposed to beta radiations 
during routine work. 

Che incident took place during normal 
cleaning of a cell in which cerium-144 
and = praseodymium-144 had been 
handled. The employee worked under a 
ume limit designed to limit his expo- 
sure. A later survey of the cell showed 
that the radiation levels under which this 
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time limit was based were greater than 
initially surveyed because some water 
which had collected in a trench and had 
shielding, had drained 
away by the time the employee entered. 

The exposure is estimated as 80 rads 
to body skin and 100 rads to face skin. 


provided some 


The permissible occupational exposure 


for the skin is 6 rads per 13 weeks. 


Exposure to the lens of the employee’s 
eyes is estimated at 5 rads compared to 


limits of 3 rads in 13 weeks. 


@ Ghana’ The International Atomic 
Energy Agency has recommended 
Ghana’s application for membership for 
General Conference approval at its Sep- 
tember meeting. 

@ United States The USAEC is to hold 
a symposium on non-destructive testing 
of reactor materials in Germantown, 
Maryland, on May 20. 

@e USSR The USSR is to import a hor- 
mone containing Sme of C-14 for the 
Academy of Medical Sciences, Moscow, 
from New England Nuclear Corporation. 
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@ United States US uranium ore reserves 
were estimated at 86,100,000 tons on 
December 31, 1959. Uranium ore re- 
ceipts in the last six months of 1959 
were about 3,614,000 dry short tons. 


Russians discover new particle 
Moscow Scientists at the High Energies 
Laboratory of the Joint Nuclear Research 
Institute at Dubna, near Moscow, have 
discovered a new nuclear particle—a 
positively charged anti-sigma-hyperon. It 
is said to be the first time a charged 
anti-hyperon has been observed. The dis- 
covery will add substantially to the 
scientific conception of the world of ele- 
mentary particles. 

The discovery of the new particle was 
preceded by extensive experimental 
work which involved the study of 40,000 
pictures taken by means of a propane 
bubble chamber bombarded in a syn- 
chrophasotron. 

According to D. I. Blokhinstev, cor- 
responding member of the USSR 
Academy of Sciences, the investigation 
of the new particle will enable physicists 
to advance towards forming a compre- 
hensive theory of elementary particles, to 
learn their structure and the laws of 
their mutual transformations. 


Australian research on power 
from the sun 


Canberra Australian scientists are to 
conduct a series of investigations of the 
sun as a source of energy. The Physics 
Division of the Commonwealth Scientific 
and Industrial Research Organization is 
to use a specially designed light filter 
containing nearly 100 optical components 
in its work. 

This instrument, which took more 
than five years to perfect, is expected to 
produce the world’s first precise data on 
the velocity and temperatures of hydro- 
gen gas on the surface of the sun. It 
could also yield new evidence about the 
intense magnetic fields of sunspots and 
make possible the first photographs of 
the sun’s rotation. 


Michigan Boiling Water Reactor safety report 


Washington A favourable report on the 
safety aspects of the boiling water power 
reactor that Consumers Power Company 
of Michigan proposes building on upper 
Lake Michigan has been submitted by 
the Advisory Committee on Reactor 
Safeguards to the US Atomic Energy 
Commission. 

Consumers Power Company proposes 
to conduct a four and a half year re- 
search programme sponsored by the 
AEC, on its single-cycle forced circulation 
boiling water type reactor of 156 MW 


RESEARCH 
CENTRE FOR 
PAKISTAN 

Mr. Morehead Pat- 

terson, left, Ameri- 

can Machine & 

Foundry Company 


board chairman, 
and Dr. |. H. 
Usmani chairman 
of the Pakistan 
Atomic Energy 


Commission, discuss 

plans for a nuclear 

research centre in 
Pakistan 


thermal. They intend to explore ‘he areas 
of high power densities, optim im cop. 


ditions for higher power den: opera- 
tion, longer fuel life and red: ced fyg| 
fabrication costs. It is anticipa that a 


power level of 240 MW ther val may 
eventually be obtained. 

The Advisory Committee say. that de. 
tailed design and the experimenial pro- 


gramme will require additio study 
later but it is their opinion tha‘ a boijl- 
ing water reactor of this type and power 


levels can be built without undue risk 





Direct cycle boiling water reactor is US choice 


Washington The direct-cycle boiling 
water reactor used in tankers is most 
likely to approach and achieve competi- 
tive power in the near future states a 
report sponsored by the US Atomic 
Energy Commission. Three reactors were 
studied, the direct and _ indirect-cycle 
boiling water reactors and the pressur- 
ized water reactor. 

The direct cycle BwR had the lowest 
capital cost, the report adds. However, 
the cost of the simplified single-loop Pwr 
was only slightly greater but the direct 
cycle BWR, because of its lower capital 
and operating costs and also because of 


American nuclear rocket engine developments 


Washington Two reactors will be tested 
this summer at Nevada under the joint 
Atomic Energy Commission-National 
Aeronautics and Space Administration 
programme to develop a nuclear rocket 
engine. They will be Kiwi-A Prime and 
Kiwi-A 3 which are nearly identical to 
each other. 

Assembly of the Kiwi-A Prime reactor 
is now in progress and it will undergo 
cold critical tests before being moved 
to Nevada. Power operations should 
begin by the middle of summer. Shortly 
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after these tests have been completed, 
tests on the Kiwi-A 3 reactor will begin. 
These latter tests will include endurance 
testing until there is positive evidence 
of damage to the reactor. After power 
runs have been completed, each reactor 
will be disassembled and examined 

The initial part of the joint pro- 
gramme—the demonstration of the feasi- 
bility of nuclear rockets by the ground 
operation of an experimental engine—is 
being conducted under the management 
of the Atomic Energy Commission. 


its greater future potential, was the most 
likely system to achieve competitive 
power in the near future. The Pwr 
would be the second choice because of 
reasonable capitai costs and its very 
desirable, simple operating characteris- 
tics. The indirect-cycle BwR, while having 
some desirable features, would be the 
third choice. 

The choice of the direct-cycle BWR 
for use in a tanker of 43,000 tons 
was further supported because it would 
most probably show a fuel and capital 
cost advantage in larger and/or multiple 
plants for other maritime applications. 


e USSR A nuclear power section with 
working electric models showing chain 
reactions and reactor processes has been 
opened at  Moscow’s Polytechnical 
Museum. 


Isotope production at Trombay 
Bombay Dr. Homi Bhabha has com- 
mented on the work the Trombay reactor 
will carry out in the production o! 
radioisotopes. He said that when the 
reactor went into operation, India would 
be able to meet all her internal require- 
ments and also export radioisotopes to 
other countries. 
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(ntensc ion source development contract 


New Yo , development contract for 
the cons yn of an intense ion source 
for accel n and injection of hydro- 
gen ions the DCX thermonuclear 
machine dak Ridge National Labora- 
tory has awarded to High Voltage 
Engineer orporation, Massachusetts. 


A prototy; will be delivered to Oak 
Ridge for tests this year. High Voltage 
officials say the source will be capable 
of producing over 25 milliamperes of 


US delegation ends Indian tour 


New Delhi Talks on the possibilities of 
further cooperation between the United 
States and India on the development of 
the Indian nuclear power programme 
were recently concluded by the US 
Atomic Energy Commission delegation 
which went out to India at the beginning 
of March. The delegation went on a fact- 
finding tour to acquaint itself with the 
background to developing a major 
nuclear programme in India. 


US controlled reaction claim 


Washington The latest controlled 
thermonuclear reaction claim has been 
made before the Joint US Congressional 
Committee on Atomic Energy by Dr. 
James Tuck, a British-born scientist. A 
reaction lasting nine-tenths of a millionth 
of a second and reaching a temperature 
of 13 million degrees had been produced 
in a research ‘pinch’ device at Los 
Alamos Scientific Laboratory. The device, 
Scylla II, uses a magnetic field to 
squeeze a plasma or ionized gas, in a 
tube 30 inches long and two inches in 
diameter. 


World radiation sign ? 


New York A radiation symbol to sig- 
nify actual or potential presence of 
ionizing radiation and to identify objects 
which emit ionizing radiation has been 
approved and submitted by the Atomic 
Industrial Forum for consideration at the 
next meeting of the International Organ- 
ization for Standardization in Geneva. 
It is hoped that the symbol, a three- 
bladed device and a centre disk of red- 
dish-purple on a yellow background, will 
be accepted internationally. 


US reactor goes critical 


Oak Ridge A new reactor at the ‘ Tower 
Shielding Facility’ of the USAEC’s Oak 
Ridge National Laboratory went critical 
recently. It is designed to operate at 
power levels up to 5000 kWt and will 
be used to study atmospheric scattering 
of radiation in connexion with the US 
aircraft nuclear propulsion programme 
and for experiments on the shielding of 
materials 
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mass-analysed singly-ionized molecular 
hydrogen. It is expected to be the proto- 
type for even more powerful sources 
operating in the 10C mA range. 

The intense analysed beam will be 
accelerated to 600keV by the Oak 
Ridge injector, and will then enter the 
DCX fusion device on which scientists 
hope to attain the millions of degrees 
of temperature required for a controlled 
thermonuclear reaction. 





SPACE REACTOR—The compact 220 
lb atomic reactor to operate continu- 
ously and unattended in space for a 
year is examined by an engineer at 
Atomics International, a division of 
North American Aviation, Inc. It pro- 
duces 50,000 watts of heat for the 
generation of electricity. The core of 
the reactor is in the cylindrical con- 
tainer (centre) 


@ United States The AEC has invited 
comment on a proposed regulation to 
guard against accidental criticality, radia- 
tion exposure to individuals and the re- 
lease of fission products during ship- 
ment of irradiated fuel elements. 


ISRAEL'S 
REACTOR 


Construction work 
in progress on 
Israel’s reactor be- 
ing built at Neve 
Rubin, near Tel 
Aviv. It is expected 
to be in operation 
by the middle of 
this year 


e South Africa Japan may become a 
purchaser of South African uranium 
according to a recent statement by the 
South African Secretary for Commerce 
and Industries. 


@ United States A US Congress commit- 
tee has turned down a request for money 
to build a linear accelerator at Stanford 
University, Instead it has granted money 
for design studies only. 


e New Zealand Nuclear research equip- 
ment worth £110,000 is to be supplied to 
New Zealand by the United States. It is 
expected to be installed at the Universi- 
ties of Auckland and Canterbury and the 
New Zealand Institute of Nuclear 
Sciences by the end of 1960. 


Polish plans delayed 


Warsaw Polish plans to build their first 
nuclear power station have now been 
postponed until 1968-70. The original 
plan was to build the plant between 
1958-65. The decision was taken at a 
joint meeting of the State Council for 
the Peaceful Use of Nuclear Energy and 
a committee of the Polish Academy of 
Sciences. 


Puerto Rican reactor hearing 


Washington Safety aspects of the boil- 
ing water reactor to be built near Rin- 
con, Puerto Rico, were considered at a 
public hearing in April. The reactor will 
use uranium dioxide as fuel and produce 
nuclear superheated steam within the 
reactor core to generate 16,300 kWe. It 
is part of the AEC’s Power Demonstra- 
tion Reactor Programme and will cost 
about £6,980,000. The General Nuclear 
Engineering Corporation of Florida has 
contracted for the final design of the 
reactor. Construction is expected to be 
completed late in 1962. 
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US portable reactor tested 
Washington Critical tests of a portable 
reactor which can be carried by air in 
16 units are now under way, says an 
announcement by the Martin Company 
The reactor, the PM-1, will provide 1000 
kW of electricity suitable for use by 
radar installations as well as seven mil- 
lion Btu’s per hour of steam heat for 
buildings 


The walls of the reactor’s tubular fuel 


elements contain a cermet of highly en- 
riched uranium dioxide and _ stainless 
steel. The final design, which is awaiting 
approval by the USAEC, calls for 732 
elements in the full core 





® United States A contract to develop a 
series of computational codes for small 
pressurized water reactors has been re- 
ceived by the Martin Company from the 
AEC. 


@ South Africa Exports of materials 
prescribed under the South African 
Atomic Energy Act fell in January— 
February this year to £7,990,000 against 
£8,600,000 in the similar period in 1959. 


® United States By 1970, the US will be 
able to place into orbit a 60,000kW 
nuclear powered generating system says 
Mr. J. W. Simpson, vice-president, 
Westinghouse Electric Corporation. 


SODIUM- 
GRAPHITE 
CRITICAL 
ASSEMBLY 


Engineers of 
Atomics Interna- 
tional, a division of 
North American 
Aviation, Inc. in- 
spect control and 
safety rods of a 
sodium-graphite re- 
actor critical facility 
operating at the 
company’s __labora- 
tory near Los 
Angeles. Nineteen 
fuel elements were 
used to start-up the 
eight feet by twelve 
feet assembly 


Proposals for Canadian Nuclear Association 


Toronto A Canadian Nuclear Associa- 
tion may be established if enough inter- 
est is shown in a preliminary letter sent 
to several hundred organizations in 
Canada by the proposed Association's 
steering committee, The committee feels 
that as there will be a substantial nuclear 
industry in Canada in the near future, a 
definite needs exists for an Association 
to coordinate all related interests 


Indo-Danish cooperation 

New Delhi Further inter-governmental 
cooperation in the peaceful use of atomic 
energy is to come with the announce- 
ment that Denmark and India are to col- 
laborate in this field. Mr. Nehru, the 
Indian Prime Minister, said in the 
Indian House of Parliament, that Pro- 
fessor Niels Bohr had invited Dr. Homi 
Bhabha, chairman of the Indian Atomic 
Energy Commission, to visit Denmark 
to discuss the matter. 

The cooperation envisaged was mostly 
exchanges of materials and scientists 
and probably joint projects. There was 
no suggestion yet of any specific project 
being carried out by both countries, Mr 
Nehru said. 
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Among the objectives suggested for 
the Association is that it promotes and 
fosters conditions favourable to the 
healthy growth of the use of nuclear 
energy and radioisotopes and stimulates 
cooperation with other associations 
having similar purposes. Chairman of 
the steering committee is Mr. J. L. Olsen 
of the Canadian General Electric Com- 
pany Ltd. 


Yugoslavia to buy US reactors 
Belgrade Following the visit of a dele- 
gation of Yugoslav nuclear energy offi- 
cials to the United States, it has been 
announced that Yugoslavia is to buy a 
100 kW research reactor from the US 
and two smaller reactors for university 
studies. 

The supply of the reactor and nuclear 
fuel would be carried out through the 
International Atomic Energy Agency. 
Yugoslavia also hopes to buy US labora- 
tory equipment and to send scientists and 
technicians to the States for training. 

Meanwhile, the US State Department 
announced that both countries had 
reached an understanding on closer co- 
operation in the field of nuclear energy. 


Bids for Spert IV invited 
Idaho Falls Bids for the const» ction of 
the US Atomic Energy Co: 
Special Power Excursion Re 


SSLON § 


t 


Test 


No. 4 (Spert IV) have been or 1. The 
estimated cost range of the rk js 
£464.285. Spert IV will be a | pool- 
type experimental facility for 2 per- 
formance of basic reactor st S with 
various types of nuclear react res 
Meanwhile, the USAEC a: jounced 
that Spert II, used for studyir uclear 
reactor safety, has achieved cality 
The reactor is fuelled with highly 


enriched uranium, Positions are ; rovided 
in the reactor grid for 96 fuel as-emblies 
including the fuel sections of the control 
rods. Spert II is one of a serics of te- 
actors developed for the USAEC as part 
of a programme to find basic explana 
tions for reactor behaviour u 
away conditions. 


iCr run- 


S. Africa research reactor 

Pretoria Dr. D. J. A. Roux, research 
director, South African Atomic Energy 
Board, is to visit Europe, the lk, and 
America to discuss buying a research re- 
actor, Steps to speed-up the reactor con- 
struction at the Pelindaba site recently 
acquired by the Board have been taken 


@ Czechoslovakia Plans are being made 
to put a 15 MW nuclear power station 
in operation by 1966. 


Queensland power reactor 
likely soon 


Canberra A nuclear power station is 
likely to be installed in North Queens- 
land by about 1970 says the Australian 
Atomic Energy Commission in a report 
to Parliament. The Mount Isa Mining 
Company, which has asked the Commis- 
sion for their views on the operation of 
such a plant, is considered likely to be 
the first organization to operate a nucleai 
power plant in Australia. It is under- 
stood that because of conventional fuel 
costs, the installation of a reactor in 
North Queensland should be more econo- 
mic than in other parts of Australia 


Strontium-90 generator 


Washington Martin’s Nuclear Division 
has designed a 5W generator with no 
moving parts, the heat source of which 
is strontium-90 locked safely within a 
stable, insoluble compound at the core 
of the device. The containment vessel, 
which is 8ft high X 32in. diameter 
will house a smaller cylinder containing 
about | lb of the radioactive source. Sur- 
rounding the fuel capsule are 72 thermo- 
couples which turn the heat directly into 
electrical energy to be used automati- 
cally for at least two years by weather 
measuring instruments and a radio trans- 
mitter. 
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As well as temperature and xenon 
effects the control system itself 
contributes to reactor instability 


instability problem in 


gas-cooled reactors 


by A. FONDA, B.Sc., Ph.D., A.Inst.P.. 
Research and Development Department, CEGB 


N AN ARTICLE PUBLISHED in a previous issue Of NUCLEAR 
| power, Tyror (/) presented a detailed analysis of the 
sources and consequences of neutron flux instabilities 
in an uncontrolled CEGB-type nuclear reactor. Values 
were produced of the dominant time constants associated 
with the most significant flux harmonics, and indications 
were given of the nature of additional work required to 
design a suitable control system. In the ensuing period, 
further calculations on instability and control have been 
made by the UKAEA, the industrial consortia and the 
CEGB. A review article by Vaughan (2) has appeared 
recently, and a specific study has been reported by Carstairs 
and Taylor (3) in which the computations were performed 
by means of a large analogue computer. 


Necessity for mathematical studies 

Within the next two years it is expected that the first 
two CEGB nuclear reactors will become operational. After 
an initial commissioning period, the responsibility for re- 
actor operation will rest entirely on CEGB whose duty 
it will be to run these stations in the most economic 
manner subject to requirements of safety. In their role as 
operators, CEGB will be confronted with problems pre- 
viously encountered only by the UKAEA in their power 
reactors. Although the design of these CEGB reactors is 
based primarily on the UKAEA Calder type, the opera- 
tional requirements differ in several important basic details. 
Firstly, as a commercial enterprise, CEGB will be con- 
cerned essentially in producing electric power in the most 
economic manner. To minimize shut-downs, the replace- 
ment of fuel elements will be carried out at full load, 
which introduces new and complicated operational prob- 
lems. Secondly, in non-steady or kinetic conditions, the 
Calder reactor is not a valid prototype of the CEGB re- 
actors, as it is in the equilibrium state. The main differ- 
ences are in the physical dimensions of the reactor, the 
power density and the irradiation level of the fuel. These 
three factors all tend to make CEGB reactors less stable 
kinetically than those of the UKAEA. This has already 
led, as indicated in the previous article (/), to the con- 
sideration of a sector control system to counteract un- 
desired spatial variations in reactor quantities. It is a fairly 
obvious extension to consider automatic operation of these 
control rods, a novel feature in such reactors. 


NUCLEAR POWER May 1960 


In the absence of a valid experimental prototype for 
nuclear reactor kinetics, it becomes essential for some 
form of mathematical study, or preferably simulation, to 
be adopted. This has become feasible with the introduc- 
tion of high calibre computers. The advantages of such 





OUTLINE 
Investigations of the controlled reactor system have 
shown that there is a third source of instability as 
well as the two intrinsic to the uncontrolled reactor: 
This instability arises through the choice of inappro- 
priate control parameters and results in the control 
system forcing the system as a whole into a diver- 
gent response. The time constant of this kind of 
instability depends on the choice of contro! system 
parameters and can be as low as a few minutes. 
Fortunately there are fairly wide ranges of para- 


meter values which give a stable response. 











simulation are that it can be relatively fast, inexpensive 
and flexible, and that the system can be studied in con- 
ditions beyond those allowable in practice. This last point 
is particularly important since the first CEGB reactors are 
to be normally run fairly close to their design limitations 
on material temperature and no wide variations would 
be tolerable on an experimental simulator. The detail of 
accuracy of the simulation may vary from problem to 
problem and is governed mainly by the limitations of the 
computer. 


Nuclear reactor equations 

In concise terms, these comprise a set of simultaneous 
partial differential equations linking neutron flux, material 
temperatures, nuclear concentrations and control rod posi- 
tions. Reactivity is the most important term in the system 
and is a measure of the net neutron balance at any 
point. By elimination of other system variables, the 
neutron flux equation can be expressed as a complicated 
single partial differential equation, which is characteristic 
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of the system. Neutron, or point, kinetics result from a 
study of a simplified version of this equation when drastic 
approximations are made to the spatial derivatives. These 
approximations are not regarded as valid in reactor kinet- 
ics and are not adopted in the studies under consideration. 

The input to the system is coolant gas flow and tem- 
perature, and the output is total power and exit gas tem- 
perature. The purpose of the control system is to maintain 
nominal output levels whilst constraining values of system 





The IBM 709 Electronic Data Processing System can store 
the equivalent of over 327,000 decimal digits and has been 
used by the AEA for instability investigations (Fig. |) 


variables within specified limits. Disturbances to the sys- 
tem can enter through inlet or outlet variables or can arise 
within the system. The most significant disturbances under 
consideration are those which manifest themselves through 
the reactivity term. 

The conventional theoretical formulation makes a num- 
ber of simplifying approximations, concerned with the 
spectrum of neutron energies, the representation of control 
rod effects, the presence of the reflector, and non-linearities 
in, and spatial variations of, parameters. With the advent 
of more powerful computers, it is to be expected that some 
of these approximations will be discarded eventually. 


Kinetic response and instability 

If the behaviour of a physical system can be represented 
mathematically by a set of simultaneous ordinary differ- 
ential equations in time, the kinetic response of each 
system variable to a specific input disturbance is its sub- 
sequent variation in time. The kinetic response is therefore 
the complete solution in time. Due to the couplings between 
individual equations of the set, all system variables will 
eventually exhibit, in general, the same type of response 
apart from time lags. 

Instability or stability are special features of the kinetic 
response and are associated with its ultimate trend. In- 
stability exists if the response diverges eventually, in either 
increasing or decreasing sense. Provided that the disturb- 
ance is itself not divergent, instability is an inherent pro- 
perty of the system. If the system is linear in all its 
variables, instability is independent of the initial state of 
the system; if it is non-linear in any variable, instability 
depends on the initial value of that variable. Analysis of 
instability of linear systems with constant parameters is 
essentially simpler than investigation of kinetic response. 
Standard algebraic methods exist, such as Routh’s test, 
which provide a necessary and sufficient criterion. Other 
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standard algebraic methods enable time constan — to be 
determined as roots of a polynomial. It should >¢ em. 
phasized that the analysis of instability and deter: nation 
of time constants give no direct information on th’ magni- 
tudes of excursion of system variables. 

Unfortunately, a practical nuclear reactor ca iot be 
described realistically by a set of ordinary di rential 
equations in time. In the simplest representatior of the 
system two spatial derivatives must be introduc {: one 
referring to the neutron flux leakage and the © her to 
convective heat flow in the coolant stream. The « ‘ect of 
boundary conditions on the flux is to select a s ‘ies of 
permissible flux shapes within the geometry of the actor. 
These shapes are known as reactor eigen-funct >ns or 
modes, each of which is associated with a specific spatial 
distribution of reactivity. The larger the physical! dimen- 
sions of the reactor, the smaller are differences in re. 
activity levels between modes and hence the easi-r it js 
to excite higher modes through disturbances in reactivity 

Since the nuclear reactor system, with or without a 
control system, is described by a set of simulianeous 
partial differential equations, the determination oj! insta. 
bility or of kinetic response is rendered vastly more com- 
plicated than in the case of ordinary differential equations 
Physically, the difference is that between the behaviour of 
a fluid and of a rigid body, respectively. It can be shown 
that a single partial differential equation in space and time 
can be replaced by an infinite set of coupled ordinary 
differential equations in time. This replacement may be 
achieved either by expansion in modes or by spatial finite 
difference methods. Exact analytical solutions appear to 
be impracticable due mainly to the very awkward non- 
linearities produced by the reactivity term. 


Methods of solution of reactor equations 

Spatial finite difference approximations enable a kinetic 
response to be obtained at every mesh point of every 
reactor variable. A representation of moving control rods 
can be incorporated without undue difficulty. However, 
since approximately fifteen reactor variables and at least 
1000 spatial points should be considered, the size of the 
problem is enormous. In practice, a very high calibre 
digital computer must be used for solution, in which case 
a finite difference approximation in the time direction also 
is required. The UKAEA have produced an IBM704/9 
digital computer programme named STAB, for solution of 
such problems (Fig. 1). The CEGB have a somewhat 
similar programme, named THIRST. By ignoring, or 
approximating to, spatial, radial or azimuthal directions, 


The abscissa A represents the 
gain of the error signal and 
the ordinate B refers to the 
gain of its time derivative; 2 
linear combination of these 
signals is used to drive the 
control rods. The response is 
stable within the boundary 
and unstable outside (Fig. 2) 
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considera reduction can be made in the size of the 
kinetic p em so that it becomes amenable to solution 
by smal slectronic computers, digital and analogue. 
Finite dificrence methods can be used also to analyse 
instabiliti 

The moval approach has been used both in instability 
and kinetic studies (/, 2, 3). Due to the fact that the reacti- 
vity term is a function of position in the reactor, the precise 
form of these modes is dependent on the detailed spatial 
distribution of control rods and stationary absorbers 
required to achieve exact criticality of the system. Since 
there exists in principle an infinite number of alternative 
distributions of rods and absorbers there is a correspond- 
ing ambiguity in the specification of a mode. It is simpler 
to represent these modes in terms of harmonics, which are 


geometrical eigen-functions and are associated with purely 
uniform reactivities (/). It is assumed that any mode can 
be expressed as a particular linear combination of har- 
monics, although the validity of the assumption remains 
to be rigorousiy proved in view of the non-linearity of 
the flux equation. It is further assumed that, under kinetic 
conditions, such a linear combination, with time-varying 
components, remains a valid description of the flux. Pro- 
vided that the input disturbance to the system is small, 
only a relatively small number of harmonics is required 
to secure convergence. A rigorous proof has not been 
given that the converged solution is in fact the correct 
solution, although this appears likely. An analogous point 
in quantum mechanical theory is discussed by Mott and 
Massey (4). 

Before the use of electronic computers, control had been 
represented in terms of perfect constraints applied succes- 
sively to different harmonics; leading to an underesti- 
mate of the effects of inherent couplings between modes. 
More recent studies, in kinetics and instability, have used 
more realistic descriptions of control systems and have 
taken account of the spatial disposition of rods and their 
maximum velocities, the nature and arrangement of error 
signal monitors and of the effect due to various initial flux 
shapes. 


CEGB control system studies 

A series of studies is in progress on a large analogue 
computer with the object of optimizing control system 
performance. Investigation is being made of the initial 
transients following a disturbance and of the longer term 
response which is influenced by intrinsic instabilities. Figs. 
2 and 3 show qualitatively typical results related to the 
control of the initial response. The response refers to a 
material temperature at a particular point in the reactor. 

These present analogue computer studies, unlike those 
on the IBM 704/9 computers, are restricted to a purely 
axial reactor representation. . 


Accuracy of results 
There 


. are two major sources of error in these calcula- 
tions. 


Che first is the inaccuracy of the theoretical repre- 
sentation of the reactor and the second is in the method of 
solution Progress has been achieved in the latter through 
the use of faster and larger computers. However, similar 
Progress has not been made in checking the formulation 


errors. In general, the standard of formulation in kinet’c 
a s, due to their complexity, considerably below 
that use: 


n equilibrium studies. Until experimental results 
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TEMPERATURE DEVIATION 





This graph shows the kinetic response associated with 
three different control settings corresponding to three points 
selected in Fig. 2 (Fig. 3) 


become available from the first CEGB reactors, the only 
means of assessing the accuracy of these calculations is 
by using experimental results from UKAEA reactors. 


The nature of flux instabilities 

A clear understanding of the nature of these effects is 
essential to the efficient operation of CEGB power reac- 
tors. In the absence of a suitable analogy, it is helpful 
conceptually to be able to distinguish between space and 
time variations. This can be achieved by visualizing the 
flux as a combination of three-dimensional spatial har- 
monics (/) whose amplitudes are functions of time. In the 
initial steady state, all coefficients are constant and only 
the first few are significant. The relative magnitudes of 
these constant coefficients can be determined by standard 
harmonic analysis of the steady state flux distribution. 
Localized variations in reactivity tend to produce asso- 
ciated fluctuations in the flux distribution which lead to 
increased components of higher harmonics. 

A specific disturbance will at first excite certain har- 
monics predominantly, but due to the reactivity couplings 
between them, other harmonics will be progressively stimu- 
lated until, ultimately, all harmonics in general respond in 
the same manner, apart from time lags. Thus the dominant 
time constants quoted for the lowest harmonics (/) will 
be increasingly modified in time and will eventually co- 
incide. Instabilities due essentially to the reactivity are 
directly related to the sign of harmonic couplings. A 
coupling may be defined as the complete spatial integral 
of the reactivity multiplied by the product of the asso- 
ciated harmonics. Diagonal, or self, couplings are generally 
relatively large. Other couplings customarily considered 
are those between the first and a higher harmonic. The 
remaining non-diagonal couplings are often ignored in 
theoretical studies. 

In certain conditions, particular harmonics will be absent 
throughout the response. For example if there is axial 
symmetry in the initial flux distribution, in the initial dis- 
turbance and in the control action, no azimuthal har- 
monics can be generated. However in the general case, 
where operational limitations apply, the presence of all 
harmonics should be considered. A distinction may be 
drawn between direct and indirect harmonic excitation 
or suppression. Direct stimulation involves only those 
effects resulting from changes in amplitude of that particu- 
lar harmonic, whereas indirect stimulation is induced by 
interaction with other harmonics. 

The presence of a practical control system introduces 
additional important harmonic couplings. These are sensi- 
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tive to the precise nature of the control system. From the 
analytical aspect, the simplest system would be a material, 
associated with each fuel element, which possessed a large 
negative coefficient of reactivity and prompt response to 
changes in flux or temperature. Such a system could in 
principle eliminate completely instabilities associated with 
neutron temperature and xenon-135 poison. Since control 
is in fact exerted through moving rods actuated by cer- 
tain error signals its effect is more complicated and less 
stabilizing than in the hypothetical situation described. 
In particular, if the control system acts uniformly on a 
total power signal, it is unable directly to stabilize azi- 
muthal harmonics and is indeed unable to detect their 
presence which may produce excessive material tempera- 
tures in localized regions. This is the main reason for 
controlling azimuthal harmonics sectorwise. 

Current philosophy on control of spatial harmonics is 
that it is not necessary to set every individual control rod 
on independent automatic control. The implication is that 
high harmonics, if present, will be controlled indirectly or 
by manual operation. Consideration of the time scale of 
events shows that the control system must be designed 
to act efficiently in three regimes during the course of a 
kinetic response. It must, firstly, optimize the stability of 
the initial transient which may involve several harmonics. 
Secondly, after a period of about fifteen minutes when in- 
stability first manifests itself in the fundamental harmonic, 
it must prevent any divergence in total power and mini- 
mize destabilizing effects on higher harmonics. Finally, it 
must counteract local temperature deviations due to insta- 
bilities appearing subsequently in these higher harmonics. 
It is obvious that the efficient design of such a control sys- 
tem, involving both direct and indirect action, must take 
adequate account of reactivity distribution and harmonic 
couplings and is indicative of the use of a large scale 
computer. 


Design and operational implications 

The design of nuclear reactors, in common with that of 
most equipment, is optimized for normal steady operation. 
In practice, of course, this detailed specification changes 
continuously throughout the life of a reactor. However, 
the alteration is so gradual that only small adjustments are 
necessary to maintain nominal output under conditions of 
pseudo-equilibrium. On the other hand, the design of the 
control equipment and confirmation of safety trip dis- 
positions requires consideration of non-equilibrium condi- 
tions. In particular, the philosophy of normal manual 
control by bulk rods should be compared with that of 
automatic control by a few sector rods, or possibly normal 
automatic control by many rods. Apart from the question 
of reliability, the main disadvantage of fully automatic 
control exerted from the top of the reactor, and actuated 
by outlet gas temperature deviations, appears to be in its 
dubious performance with regard to axial stability. This, 
of course, applies equally to manual bulk control. The 
situation could be improved by use of an alternative error 
signal for control purposes, which illustrates the fact that 
control system performance is strongly dependent on the 
choice of actuating signal. 

From the operational point of view, non-equilibrium 
conditions are as significant as the steady state, and the 
design which is satisfactory at equilibrium may be less so 
in unsteady conditions. One of the practical applications 
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of theoretical kinetic studies is in the evaluatior of the 
operational merit of nuclear reactors. This type infor- 
mation is important in assessment of the feasi. | ity 
automatic control and optimization of the CEGI 


of 


stem 
It is essential to know what variations in flux sh »e cap 
occur and their effects on stability and temperatur excyr 
sions, to understand which type of disturbance ds to 


produce a particular type of spatial distortion nd to 
know whether the automatic control rods can cc e with 
this situation and in what period of time. It is als. neces 
sary to be assured that maximum permissible | can 
temperatures are not exceeded even though detail: | prac 
tical measurements may not be available. In this ~espect, 
theoretical kinetic studies can be useful since th-y can 
predict detailed temperature distributions during the course 
of a particular response. In fact, the automatic control 
system parameters may be optimized for minimum can 
temperature excursions, even though control is actuated 
by coolant outlet temperature deviations. 


Future studies 

The above discussion has been restricted essentially to 
the behaviour of the reactor following small disturbances 
about its normal equilibrium state. Such disturbances 
should be regarded as inherent and, in their least serious 
form, may be termed reactor noise. From the design 
aspect, there are numerous other cases of interest where 
a knowledge of the kinetic response and its controllability 
is required. In particular, the optimization of safety trips 
requires such attention. From the operational point of view, 
there are also numerous problems not covered by the 
above considerations. To clarify these practical require- 
ments, programmes of calculation have been undertaken 
which deal with specific disturbances and fault conditions 

Eventually, of course, as increasing numbers of nuclear 
power stations come into operation and replace conven- 
tional stations, the normal state of nuclear reactors will no 
longer be that of nominal full power. Variable power 
demands will be imposed so that a degree of flexibility 
will be required operationally. In these circumstances, if 
nuclear power is to be economically competitive, the 
design of these stations will require to be optimized for 
a relatively wide variation in parameters, and, similarly, 
operational ease will be necessary over a wide working 
range. Under these conditions, the present limitations on 
material temperatures should be relaxed and it is partly 
to this end that more advanced types of nuclear reactor 
are now being actively considered. 

The shut-down of nuclear reactors is an action involving 
heavy economic penalties due mainly to the delayed effect 
of fission products. It seems reasonable to expect that, in 
future, the use of trips for shut-down will be reduced to 
a minimum and that the normal control system, possib'y 
automatic, will be able to cope adequately with the 
majority of fault conditions in addition to counteracting 
the effects of small disturbances. 
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Only highly industrialized countries really want 
single power reactors in the 200-400 MW range 
in the near future; the immediate need in under- 


developed countries is for low-power plant 


Small power reactor survey 


by J. SPENCER BURKETT, FLA 


4ssistant Editor, ‘ Nuclear Power’ 


HERE ARE only three reactor types 
Ve 5-40 MWe nuclear power plant 
that can be seriously considered for 
construction at an early date to achieve 
reasonably economic power. These are 
the pressurized water reactor, the boil- 
ing water reactor, and the organic 
moderated reactor (/). This does not 
mean, however, that other types will 
not be developed in the future possess- 
ing attractive economic potential. 
PRESSURIZED WATER REACTORS Heat is 
removed by light water without bulk 
boiling of the coolant but an operat- 
ing pressure of up to 2000 1b/in?a is 
required. Use of water allows higher 
power density than having steam in the 
coolant channel. The strong negative 
moderator temperature coefficient of 
reactivity allows the system to follow 
minor load demand changes without 
external control. Steam pressure of 
around 600 lb/in’a saturated can be 
produced at an approximate 25% net 
efficiency 
BOILING WATER REACTORS Bulk boiling 
is allowed to occur and results in 
somewhat lower operating pressures 
within the core vessel than the pwr. 

Although experience so far gained 
indicates reliable and safe operation, 
proper system design will no doubt 
overcome the control problem caused 
by effects of changes in steam demand 
on the void of the core. This reactor 
is capable of operating at the primary 
system pressure of 10001b/in? but 
higher operational pressures may be 
possible with development. 

ORGANIC MODERATED REACTORS’ The 
use of an organic coolant allows higher 
primary system operating temperatures 
of 600-650°F without a high pressure 
primary containment system. The 
main problem to be overcome, how- 
ever, is that of thermal and radiolytic 
decomposition. 

Gas-cooled reactors The possibility of 
obtaining exit temperatures of 1000°F 
to generate high pressure steam makes 
this principle comparable to steam ob- 
tained in many modern power plants. 
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Development for economic small re- 
actor application is a long term aim, 
however, at the moment. 

Other reactor types Advanced sys- 
tems that have high-temperature po- 
tential but lack sufficient operational 





The demand for small nuclear power 
plants is likely to be centred in 
comparatively under - developed 
regions where difficult access to fuel 
and absence of a national grid has 
limited human activity and prevented 
industrial potential being developed. 
Reactors for these areas will have 
to be reliable and simple to operate 
because expert assistance will not 
normally be available. In such cases, 
where power is urgently required 
for mining, distillation of brackish 
water, irrigation pumping, metallur- 
gical and isolated industrial plant, 
the need is sufficiently great to 
dictate the use of nuclear power 
generation even though the cost of 
power would be high by American 
or European standards. Even in the 
USA, the Rural _ Electrification 
Administration has shown a strong 








interest in such small reactors for 
outlying communities in high power 
cost areas. 











experience include the liquid metal 
fuel reactor, the molten-salt reactor, 
the thermal breeder aqueous homo- 
geneous reactor and sodium cooled 
systems. 


US effort 

The Americans have by far the 
greatest experience in the design and 
development of small power reactors. 
Apart from experience gained in 
operating pressurized water reactors 
for submarines, a programme has been 
under way since 1955 for the develop- 
ment of compact, lightweight, power 
and heat reactors capable of being set 
up rapidly and at minimum costs at 
remote military installations. As early 


as December 1954, a £MO-7 contract 
was awarded to Alco Products for the 
design, construction and testing of 
the Army Package Power Reactor, 
APPR-1, now designated Stationary 
Medium Powerplant 1, SM-1. 

SM-1 has incorporated the idea that 
significant mechanical rationalization 
of reactors of the pwr type could be 
achieved by eliminating the inter- 
mediate heat exchanger. Other design 
breakaways include the use of stain- 
less steel rather than zirconium for 


Alco’s SM-] Army Packaged Reactor. 


1. Reactor 5. Control rods - 

2. Thermal shield 6. Fuel transfer tube 
3. Inlet 7. lron-water shield 
4. Outlet 8. Primary shield tank 
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the fuel elements, and the employment 
of rod drives at the bottom of the 
reactor vessel. Burnable B-10 poison 
is incorporated in the fuel elements to 
balance fuel burnout as the reactor 
operates (2). 

Up to the end of 1959, the plant 
had operated for 13-7 MW years of 
its expected 15 MW-year core life and 
had generated 23,188,000 kWh of elec- 
tricity. The total cost estimate for 
power generation is 53:30 mills/kWh 
and, while this is not cheap power, it 
is about the same as that for the very 
much larger pwr. A further project, 
PM-2A, developed by Alco for full 
power operation by September 1960, 
calls for 1:55MWe and 10° Btu/h 
steam for heating but, unlike SM-1, it 
will have a condensing system using 
air and ethylene glycol. By eliminating 
concrete for shielding it will be pos- 
sible to dismantle the plant into 20-30 
skid mounted component packages 
with a total plant weight of 300 tons 

The Portable Medium Powerplant-1, 
PM-1l, is another small pwr, under 
development by the Martin Co. at a 
cost of £M2:1. It will produce 1 MWe 
together with 2 MW of spare heat for 
an operational air force station and 
will have a minimum operating life 


of two years. It is scheduled for op- 
eration by early 1962. The cylindrical 
core, 3 ft high X 23 in. dia., will be 
made up of 732 tubular elements con- 
taining a cermet of highly enriched 
UO, and stainless steel. The core will 
be charged with some 60 1b of U-235 
of which more than one-third will be 
burnt during the core’s two-year life. 
The reactor has been designed to per- 
mit local boiling enabling the system 
to operate with a smaller pump and 
piping. 

The Army Reactor Programme also 
includes the development of boiling 
water reactors as portable and modul- 
arized plant for low power produc- 
tion. Stationary Low Power Reactor, 
SL-1, or the Argonne Low Power Re- 
actor as it was previously called, is a 
prototype direct cycle BWR producing 
300 kWe and 400 kW of space heating. 
The plant first operated at power in 
1958 and in February 1959 it was 
transferred from ANL to Combustion 
Engineering. 

Up to the end of 1959, SL-1 had 
operated for 1MW year of its ex- 
pected 6MW-year core life, gen- 
erating 806,100kWh of electricity. 
Operation and plant evaluation has 
shown the suitability and feasibility 


of BWR field units and | indi- 
cated the increased potential °f such 
plants with further developr ent. 4 
recently completed conceptua design 
based on SL-1 indicates that » port 


able plant could be built and «stalled 
at a remote site for around £\ ):7 (3) 
Also under the Army Progr: ‘nme jx 


a project to develop a mob e gas. 
cooled power reactor that (volves 
three stages, the whole progra:ime to 
be operated by Aerojet-Gener: |. Gas. 
cooled Reactor Experiment, © ~RE-], 
which reached criticality in F.bruary 
will be used, together with G¢ RE-II, 
for testing various kinds of fiel ele. 
ments and for developing eng: \eering 
data and experience for the Mobile 
Low-Power Reactor, ML-I, a proto- 
type power unit generating 400 kW to 
be readily transportable by land, sea 
and air. ML-1 which is schedu'ed for 


operation in May 1961 will be the 
first closed-cycle gas-turbine power 
plant to be operated from a nuclear 


reactor heat source. Pin type fuel ele. 
ments, consisting of fully enriched UO, 
pellets clad in Hastelloy X, have a 
maximum fuel temperature of 2350°F. 

A 15 MW gas-cooled closed-cycle 
reactor power system was the subject 
of a feasibility study for the Ford 











SMALL POWER REACTORS, USA 
1957 1958 1957 early 1961 USAEC Evaluation study—Small sized Oct. 1961 
SM-I (APPR-1)  st-I (ALPR) VBWR Elk River nuclear power plant. 1959 Piqua 
PWR Direct cycle Direct cycle indirect cycle GNEC Alco Al OMR 
BWR BWR BWR BWR PWR OMR 
OUTPUT 
Gross thermal MW 10 3 30 58-2 47 49-2 73 45:5 
(14-8 super 24-7 (super 
heat) heat) 
Net elec. MW 1:8 0-3 (0-4 heat) 5 2 23-5 12-5 20 11-4 
CORE 
length (or height) 22 in 25-8 in 37 in 60 in. 56-5 in. 48 in. 54 in. 54 in 
nominal dia. 22:2 in 34-5 in 36 in 56-9 in. . 48 in. 60 in. 60 in. 
FUFI 
form plate plate plate pellets pellets pin type concentric concentric 
tubes tubes 
composition UO,-ss U-Al UO,-ss rho,-UO, UO, UO, 3-Swt™% 3-S5wt 
dispersion dispersion Mo-U alloy Mo-U alloy 
enrichment high high fully 93 1-7 4% “7 1:8 
canning ss 0-005 in. Al 0-035 in. ss 0-005 in. ss Zr-2 0-027 in. ss Al 0-035 in. Al 0-035 in. 
total weight 22:5 kg U-235 350 g U-235 19-8 kg U-235 208 kg UO, 4255 kg 3806 kg 11,770 kg 6870 kg 
4500 kg ThO, 
av. thermal 
neutron flux 2:7 « 10"? 7°5x 10'? 2:8 x 10 1-55 = 10*8 1-4 10'3 1-4x 10'* 1-4™« 10 
(n/cm*/s) 
COOLANT 
max working 1200 300 1000 1000 1450 1960 121 (inlet) 106 (inlet) 
pressure (\b/in*g) 
femp. in 431°F 100°F 534°F 430°F 487°F Jae 6 §23°F 
femp. out 450°F 420°F 546° F 537°F 593°E 517°F 625°F 575 
PRESSURE VESSEI 
height 13-5 ft 14:5 ft 19-4 ft. 25 ft. 22 ft. 6 in. 35 ft. Sin 35 ft. 5 in 
o.d. 4 ft. 4-5 ft 7 ft 7 ft. 6°71 ft. 5-4 ft. 8-5 ft 8-5 ft. 
wall thickness 2-75 in 3/4 in 3-375 in 3-375 in. 4-8 in. 4-75 in. 1-25 in. 1-25 in 
material carbon steel carbon steel carbon steel carbon steel carbon steel carbon steel carbon steel carbon stee 
ss clad ss clad ss clad ss clad ss clad ss clad 
max. working 1600 400 1215 1250 1650 2200 286 286 
pressure (\b/in*g) 
max. working 
temp. 650 | 450°F 650°F 750°F 
TURBINE 
inlet pressure 200 490 1265 375 800 455 
(Ib/in*a) 
inlet temp 407 °F 420°F 465°F 1000°F 444-6°F 580°F 457°F 


Abbreviations: 
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GNEC General 


Nuclear Engineering Co. Al Atomics International. VBWR Vallecitos Boiling Water Reactor. ss stainless steel 
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(4) in 1956. The open 


[nstrumen 

cycle gas ne was rejected largely 
on the g ds of radioactive con- 
tamination ind the double-cycle sys- 
tem was reccted primarily due to in- 
creased \lurgical problems that 
might res from excessive amounts 
of radioac leak through the heat 
exchange! 

The study considered a right cylin- 
der core with 10% UO, enrichment. 
graphite yderated and _ nitrogen 
cooled. The operating pressure was 
530 lb in? with turbine inlet tempera- 


ture at 1300 F. At a cost of 15-8 mills 
kWh it was concluded that both tech- 
nically and economically the system 
appeared feasible, but further research 
and development was required to 
establish a firm design. 

The 30-40MWe prototype High 
Temperature Gas-Cooled Reactor be- 
ing constructed by Philadelphia Elec- 
tric Co. and General Dynamics for 
completion by December 1963, will 
eventually yield data suitable for fur- 
ther small power reactor evaluation. 
The prototype will use combined fuel- 
moderator elements containing en- 
riched uranium and thorium carbide 
fuel dispersed in a graphite matrix. 
A combination of large heat transfer 
surface and high temperature capabil- 
ity greatly reduces reactor size in re- 
lation to the output (5). 


Small-sized power plant programme 

The most interesting development 
to date in USA has been the recent 
evaluation of reactor systems suitable 
for small-sized (5-40 MWe) nuclear 
power stations and for immediate con- 
struction in high cost fuel areas. Of 
the types examined, the advanced 
status of technology of the BWR, OMR, 
and PWR compared with other sys- 
tems made these the only concepts 
worth considering. Selection was based 
on maximum assurance of long term 
operational reliability and for the 
early demonstration of accurate target 
costs. The construction cost set was 
{M4-6. double that for conventional 
plant; at a capacity factor of 60% the 
total generating cost for a first genera- 
tion plant was estimated to be 16-9 
mills' kWh. This compared with 10-9 
mills for conventional plant (fuel, 
operation and maintenance charges 
86 mills compared with 7-8 mills of 
the latter) (6). 

An initial investigation of conven- 
tonal power plants in this range led 
to the acceptance of 22 MW gross as 
the preferred size. Whilst it was agreed 
that present information did not lead 
to future economic competitiveness 
of small-sized nuclear power plants, 
by reason of this uncertainty it was 
necessary to construct one or more in 
order to develop a dependable yard- 
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stick for further 
determination. 

On the question of cost none of the 
three plants appeared to possess an 
advantage. With the direct cycle BWR 
the assurance of attaining low overall 
generating costs with high thermal 
efficiency was doubtful because of 
lack of sufficient experience with fuel 
element defects and failures. Direct 
cycle superheat brought a corrosion 
problem with oxygenated steam and 
the possible operating difficulty in 
avoiding steam leaks and coupling 
two different heat sources. 

The OMR concept was _ attractive 
because of excellent steam conditions 
associated with a low pressure prim- 
ary loop and minimum contaminant. 
Demonstration was lacking, however, 
in metallic fuel element behaviour and 
the characteristics, life and behaviour 
and maximum limit of coolant opera- 
tion. High safety factors and design 
contingencies due to lack of operating 
experience resulted, at the moment, in 
high capital costs. 

A 22 MWe (gross) PWR system with 
slightly enriched UO. fuel with fossil 
fuel superheat was finally selected as 
the first project under the SSNPP pro- 
gramme. It had excellent load follow- 
ing characteristics and a reliability and 
simplicity of total plant operation not 
matched, at the moment, by any othe 
competing system. In addition, pub- 
licly owned generating bodies were 
assured that the plant was operable 
upon demand without a long period of 
experimental start-up and without re- 
quirements of excessive down-time for 
equipment and replacement, modifica- 
tion or decontamination (7). 

The 1960 programme of the USAEC 
now includes the development and con- 
struction of a 16-5 MWe pwr and pro- 
posals have been received from five 
public power groups, bids ranging from 


comparison and 


Alco’s 12°5MWe PWR 
design was selected for 
the 1960 SSNPP pro- 
gramme of USAEC. } 
The vapour container A 


primary 
Shield tonk 


shown here is a carbon ee | 
steel pressure vessel “— 
with concrete radiation 

shield. Access is by spent fuel 
way of side hatch for 777 Storage 
refuelling and mainten- tube 
ance. Top hatch per- 
mits removal and in- 


stallation of reactor f cs 

vessel, generator, Bi. 86 A 

primary pump, etc. Sites 
primary 
shielding 





£MO-7-1-6 bringing the total cost of 
power plant to £M4-3-5:2. The AEC 
will build and own the reactor and 
the utility will provide plant site and 
turbogenerating facilities, buy steam 
and operate entire plant. The sched- 
uled date for criticality is May 1962. 

Another development reactor is the 
16°3 MWe Boiling Nuclear Superheat 
Reactor, BONUS, to be built by 
General Nuclear Engineering for the 
AEC and Puerto Rico Water Resource 
Authority. Of the SO MW _ thermal 
output, 13 will be provided in the 
superheater. Coolant inlet temperature 
will be 354°F, exit at 900°F, operating 
at 900 1b/in?a steam. The fuel will 
consist of zircaloy-clad UO, pellets at 
1-85% enrichment. The design permits 
less nuclear sensitivity to flooding and 
voiding, high temperature and neutron 
economy. 


Plans in the UK 

Whilst no actual operating experi- 
ence has been gained in small power 
reactors, a number of companies have 
designs available. 

GEC of Erith see no reason why 
gas-cooled reactors should not be used 
in the 20-100 MWe range provided 
higher burn-up is achieved by fuel en- 
richment and higher temperatures 
attained by employing, say, uranium di- 
oxide. In a preliminary 30 MW design. 
the whole of the station is under one 
roof ; the primary circuit is contained 
within a gas-tight shell. Fuel elements 
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The GEC 30 MWe gas cooled design: 


of the cross-flow type consists of UO, 
enriched to approximately 2°16% clad 
with stainless steel and supported in 
graphite sleeves. Carbon dioxide at 
400 Ib /in?g enters the reactor at 500°F 
and leaves at 1000°F. Steam from two 
steam-raising units, which are moun- 
ted above and parallel to the reactor 
vessel, is at 900°F with a pressure of 
900 Ib/in?g. Estimated cost based on 
British civil costs is nearly £M5-5 
(£182/kW net), whilst total generating 
cost is about 16 mills/kWh. 

The Hawker Siddeley Nuclear 
Power Co., one of the five companies 
submitting tenders for the marine re- 
actor, is in the market for land-based 
OMR stations. They have a 20 MW 
design using UO, fuel elements of 
1:7% enrichment giving steam at the 
turbine stop valve of 600 lb/in*g at 
615°F. The estimated cost of construc- 
tion in this country is £M2-2 and 
working at 70% utilization generating 
costs would most likely be 10 mills 
kWh. 

Mitchell Engineering has been offer- 


Steam flow in Mitchell's 17-5MWe BWR 

is 220,000 Ib/h at 91S Ib/in* a. It is re- 

turned to the reactor at 250-350°F after 
condensing and reheating mages 
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1 core; 
unit; 5S steam drum: 6 main gas valve; 
10 control rod standpipes; 


2 biclogical shield; 3 charge face; 4 
7 gas circulator drive; ® cold-azs duct: 
11 shield cooling ducts; 





steam raising 
9 hot-gas duct; 
12 charge stancpipes 


ing guaranteed-price nuclear power in 
the 17°5MW_ range for over 12 
months. This firm is associated with 
American Machine and Foundry of 
New York and General Nuclear En- 
gineering for the design and construc- 
tion of boiling water reactors in the 
range 17-75 MWe. 

The latest design offered is a 30 MWe 
forced circulation direct cycle BWR using 
a ‘reboiling’ cycle producing saturated 
steam at a pressure of 1200 1b/in?a. 
Total electrical power costs in existing 
designs range from 12°74 mills/kWh 
for a 20 MWe plant to 9-57 mills for 
a 60 MWe. The 22-MWe design that 
was submitted to Cuba some time ago 
and is still being negotiated, although 
essentially identical to Elk River, uses 
UO, in stainless steel tubes and oil- 
fired superheater instead of coal fired. 
It was estimated that it would be only 
0-4 mill short of competitive price at 
start-up in 1962 and by 1982 3 mills 
below conventional power. 

In the pwr field is Babcock and 
Wilcox working in association with 
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Humphreys and Glasgow fv _ the jp. 
stallation of small power r< tors jp 
any part of the world. 
Other countries 

In Germany, the only all re 
actor power station under  )nstryc 
tion is the 15 MW Bwr at K Main 
The reactor, which will have .n aver 
age neutron flux of 2 X 10 and ap 
initial core loading of 6410 g UO. 
has been designed by GEC >f Ney 
York, working in association . ith All. 
gemeine Elektrizitatsgesellsch. t. 

Brown Boveri/Krupp have , ‘ans for 
a 15 MWe high temperatur: pebble 
bed reactor to be built at Ju ich ata 
cost of £M3-4, half of which ‘s to be 
contributed by the Federal  jovern 
ment. The fuel will consist of 6-cm 
balls each contained in 3-5 g tiranium 
enriched to 20%. The reactor <oolant 
a mixture of 22% helium and 78° 
neon, will enter the core at 200 C and 


leave at 850°C. Reactivity control js 
achieved by changing the number of 
balls in the core. 

In Italy a 30 MWe omr, planned as 
a joint government-industry project, is 
to be built by SORIN at a 
£M3-5 

Whilst heavy water reactors have 
not yet been considered seriously for 
present generation small power reac- 
tors, a Swiss project in the 30 MW 
thermal range was put up by Sulzers 
for the production of electricity and 
space heating. The design was de- 
scribed at Geneva in 1958 (8). 

Another Swiss Company, Energie 
Nucléaire S.A. of Lausanne has plans 
for building a 5 MWe experimental 
BWR power plant fuelled with uranium 
dioxide in pellet forms, zirzaloy clad, 
and enriched to 1°75%. Average neu- 
tron flux is 1-1 X 10'* and, operating 
at a pressure of 70 kg/cm? and a tem: 
perature of 285°C, it will enable a 
variety of BWR systems to be studied. 
Although optimized for direct cycle, 
it will permit experiments on dual and 
indirect cycles as well as on natural 
or forced circulation. 


cost of 
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Adapting standard methods of heat exchange 


design can cut down labour considerably 


Designing boilers for gas-cooled reactors 


HE DESIGN of the heat-exchangers or boilers for gas- 

cooled. graphite-moderated power reactors appears at 
first sight to present no particular problems if adequate 
data is available. Further examination, however, shows that 
some adaptation of standard methods of heat exchange de- 
sign can considerably reduce the labour of computation. 
The design basis usually supplied consists of a thermal 
duty, and operating gas temperatures and pressure. The 
method of optimization used to determine the parameters 
of the usual dual pressure steam cycle associated with gas- 
cooled systems, are outside the scope of this article. Whilst 
the design of the boiler revolves around the steam condi- 
tions, they do not in themselves dictate the boiler design. 
Given steam conditions, however, boiler design may pro- 
ceed. 

The parameter which influences the boiler most nearly 
is the coolant gas pressure drop. Should the coolant 
gas pressure drop be incorrectly ascertained the boilers 
may well be too elongated or too rounded resulting in 
the penalizing, both technically and economically, of the 
power station design. 

Following the accepted present practice, the boiler for a 
typical 6S5OMW reactor would be designed to consist of a 
number of separate economizer, evaporator, and super- 
heater sections, all accommodated in a single pressure 
shell, with the reactor coolant passing in cross flow over 
banks of tubes with the steam/water streams flowing inside 
these tubes. 

The advantages of the use of extended surface tubing 
have always been appreciated in British practice, and a 
full comparison with bare tubes has been presented else- 
where, Ediss et al. (/). The extended surface tubing which 
will form the basis of this design is of the transverse finned 
type, and to proceed with the design it is necessary to 
select the proportions of a specific tube, and determine 
the heat transfer and pressure drop performance of the 
bank in which the tubes are arranged in a pattern largely 
determined by considerations of mechanical convenience. 

Many attempts have been made to rationalize the be- 
haviour of banks of finned tubes. Such rationalizations 
have been directed towards the determination of an equi- 
valent diameter from the many numerical dimensions 
which must be specified to describe the bank completely. 
Although such attempts have some academic interest, they 
are very far from being sufficiently reliable or accurate for 
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use in the design of large equipment items of vital im- 
portance. 

For the purpose of this article, however, one of the 
published correlations has been selected, as this permits 
the investigation of the behaviour of a heat exchange 
matrix with variation of the arrangement of a given tube, 
Jameson (2). 


k G D,\°73 ; 
h, = 00018. —| —— s Pr! 
dD. fA 


The correlation for pressure drop over extended surfaces 
is that proposed by Gunter (3). 

2°81 X 10-43 X ,9°145 X G1855 X§_ XSF, 06 

SX D745 XS, 

It is reasonable to expect, for any given geometry of ex- 
tended surface tubing used in staggered formation, that, 
provided the velocity of gas in the diagonal pitch is equal 
to that in the transverse pitch, the area of heat transfer 
surface required will vary solely as Re”. Thus a mechanism 
exists such that it is possible to move from pitch to pitch. 


/\P(\b/in? / row) 


TABLE 1 Selection of a specific tube 





Outside dia. of fins 2-786 in. 
Root dia. of fins 2-109 in. 
Fin thickness 0-062 in. 
Number of fins/ft 64 
Tube bore = 1-66 in. 
a72:109(0-1875—0-062) 
- - =0-37 ft2/ft 
120-1875 
or(2:786 — 2-109) (2:786+2-109) 
A; - —=2:-31 ft?/ft 


240-1875 


(2-786 — 2-109) 
1+ —_——— 9-24 ft/ft 
0-1875 


2(2-31+0-37) 


te 


Projected perimeter 


D.= =0-185 ft 
a7 X9-24 
f 2:109X1  (2:786—2-109)0-06264 
Projected area=— + ———_—_——=0-195 ft2/ft 
12 144 





For any constant value of Re, the Free Flow Area, 
determined from a known total reactor coolant flow and 
tube geometry, must also be constant. For each trans- 
verse pitch selected there is a ratio (Face Area/Free Flow 
Area) which is easily determined. In this way, then, the 
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weighed for fin efficiency 
Conversion curve of the outside film coefficient to the 


inside (Fig. 1) 
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This graph shows the increase of Face Area with decrease 
in pressure drop (Fig. 2) 
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The number of rows decreases with the decrease in pressure 
drop (Fig. 3) 
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known and constant value of the Free Flow Ar: 


Corres 
ponds to a Face Area. This Face Area alters fr n pitch 
to pitch. Associated with this Face Area there L given 
heat transfer surface which decreases as the IsVerse 
pitch increases. The surface required is, however, onstant 
for any one value of Re, irrespective of pitch. 

Again, it is reasonable to expect the pressure irop to 
vary as the number of rows in a bank of tubes 4d algo 
as Re” where ‘m’ is the appropriate fraction — index 
Thus, for any constant value of Re there is unique 
number of rows with its attendant pressure drop or one 
transverse pitch. 

To begin the design it is necessary to select « specific 
tube. Expecting the value of D, to fall within t © range 
0-14—0:22 ft, a tube, the geometry of which gives a value 
of D. to be O-185 ft is selected (Table 1). Fr om this 
geometry a (h,/h,,) conversion curve can be cor structed 


(Fig. 1). 
If the Reynold’s number, Re, be expressed as (GD, 


where G is the gas mass velocity based on mini 


Im net 
Free Flow Area, then, for any range of values postulated 
TABLE 2 Boiler units calculated for a value of g 5 (b/s fr 
Section LTE LPB HTE HPB HPSH_ LPSH 
L/h 0-00819 0-00714 0-00685 0-00645 0-00614 0-0060| 
metal 
resistance 0-0007 0-0007 00-0007 0-0007 0-0007  0-0007 
Lh 0-001666 0-0005 0-001666 0-0005 0-01 0-0] 
1/l 0-010556 0-00834 0-009216 0-00765 0-01684 0.0167] 
LMTD 68:8 58-2 57°6 73°8 56°13 120 
heat load 
x 10 437 584 190-8 945 194-2 122-2 
surface 
reqd. (ft=) 67,000 83.600 30,550 98,000 58,300 17,050 
Pitch, in. Rows required Total 
4 15-3 19-12 6-97 22-42 13-3 2-89 80) 
44 19-5 24:5 9 29 17 5 104 
5 24-4 30-4 11 35-2 21 6 128 
6 34 42 15 49 29 8 177 

Pressure drop, |b/in* 

4 0-05674 0-0719 0-0263 0-0854 0-051 O-O119 0:3) 
43 0-058 0-0732 0-027 0-0872 0-052 0-0153 0-313 
5 0-059 0-0750 0-0275 0-0893 0-054 0-0157 0-321 
6 0-061 0-0769 0-0281 00-0916 0-055 0-016 (0-328 


for G it is an easy matter to obtain the Free Flow Area, 
for any selected transverse pitch, 
flow is known. 
value of G, 


since the total coolant 
Boiler units can be calculated for each 
and the resulting values of pressure drop, 
number of rows of tubes, and Face Area may be plotted 
A specimen calculation is shown in Table 2. The values 
600 and 100 gives conservative results which may be 
amended at a later stage in the procedure. The value 2000 
is conventionally adopted as the boiling coefficient 
From Fig. 2 it will be seen that, 
all the points * 2° 


if the line connecting 
5(Ib/s ft?) be projected downwards, 
it intersects the line corresponding to a Face Area ol 
500 ft?, and if this be done for all lines of different values 


of g it will be found that they intersect lines of Face 
Area of 500, 700, 1000, 1500, and 2000 for values of g 
of 5, 7, 10, 15, and 20 respectively and that if all these 


interstices be joined they fall on the straight line called 
the ‘g construction line’. Clearly, then, if a value of ¢ 
of 9 be required, then advantage may be taken of the 
fact that values of g increase logarithmically along this 
‘g construction line’, and at a value of the Face Area 
of 900 which intersects the construction line, a line parallel 
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res TABLE 3 ation of Face Area for a range of values of ‘g’ Fig. 4, however, it will be seen that for any given Face 













































































teh 4 IN. TRAN s PITCH Area it is beneficial to use the smallest transverse pitch. 
ven | For ever’ ¢ face area there are 12/4 = 3 ft of tubing. Similarly, Fig. 5 shows that, for any constant value of g, 
Ur J . - POe £40 ° ° ° ° ° ° 
Tse Projected of this length of tubing = 3 X 0-195 = 0-585 ft’. the length of tubing used is insenstive to transverse pitch 
ant | . flow area per ft? of face area = caaeees ; — hel but that the number of rows required is less with reduction 
{ , — are: : ys <7 ‘415 ; : 
Inside surlace per ft of flow area = ( 2) ( in transverse pitch. It shows, too, that the greater the 
to — SURFACE PER ROW. value of g, the less tubing is required. 
han .. si FACE AREA, FT? OF INSIDE From these design curves it is seen that for minimum 
t- It- Pep , . A Ss 
= nis it — pressure drop, the Face Area has to be large and the boiler 
697. 1394-4 : t *e “eh 
Jue ‘ 1394-4 3360 1394-4 x 314—4380 height small. Since this large Face Area has to be accom 
yne ‘ 0-415 modated in a cylindrical shell, clearly, the choice lies 
6972 996 , tie ome Si : 

. 906 2400 996 x 3:14—3125 between many units of small diameter to give the same 
ific - 0-415 Face Area as a smaller number of units of large diameter. 
6972 697-2 JInfortunately the choice of the number of boilers re- 
ree 10 697-2 1680 697-2. x 3+14=2186 Unsortainy the cae of Ce Heer 
lus 10 0-415 quired is not in the hands of the boiler designer, exclu- 

6972 465 sively, overall station considerations such as the method 
his Is 465 1120 465. x 314=1460 7 : cn eg lage Proc ormes 
ted 15 0-415 of blower drive and reliability in service, simplicity of 

6972 348-6 - layout, ductwork layout with its attendant expansions 

20 348-6 840 348-6 x 3:14=1095 ; y ; pans! 

~ 1) 0-415 problem, and the overall station economy have determined 
net eRe that six boilers and six blowers per reactor is the desired 
ted to all the other lines of different g values, which are number, using a variable frequency induction motor as 

parallel, may be constructed, and the various values of the blower drive. Therefore, the largest Face Area which 
ft Face Areas may be read off for whatever pitch is required. can be accommodated in six shells per reactor determines 
H If the lines of constant transverse pitch are examined the boiler gas-side pressure drop. The problem, then, be- 
6()| it will be seen that a similar condition exists, in that there comes: what is the largest shell diameter that can be 
is a similar construction line for transverse pitch along 
yy which values of the transverse pitch increase logarithmically. 500; - an 
cn Knowing that these construction lines exist would have 450} | ofa ft?) | | | 
considerably simplified the derivation of Fig. 2. Instead 400} | | | 
of having to compute the Face Area and pressure drop 350} | 
for a range of values of g and for each transverse pitch saad | 
: (Table 3), 4 points only need to have been calculated. For [ | | 
0 . | | 
' two values of g, two values only of the transverse pitch 250+ | | 4 
—- eae | 7 | | | 
- need have been considered, and the remaining lines con- ent | | | | 
104 structed from the appropriate construction line. of ‘g’ the length 200+ NY 14 
128 Consideration of Fig. 3 shows a similar situation, instead of tubing required oe 
= ; : ane is independent of S | 
177 of calculating each separate point (in Fig. 3 twenty differ- transverse pitch, - |'o| 
ent points were separately computed), four points only but the number of & Ng la 
3 need have been calculated we Sane 8 : ¥ a 
us — seapaiuaaabents less the smaller g rr 
313 With this method it will be obvious that for any value the transverse pitch © égine| 
27 . . - . . . ~ w” 
a2 of pressure drop, the size of boiler may be selected from (Fig. 5) 8 100+ & 
328 7 | 
the curves at will, and that any transverse pitch may be 8 \>| 
selected. 2 | | .: 
ea, - ‘ . 
we Inspection of Fig. 3 shows that with decrease of pressure | | | | 
ch drop the number of rows decreases, and that decrease in | | | | 
- transverse pitch reduces the number of rows; but Fig. 2 | | | 
. | 
Shows thz Cres > > » Bane ‘ 
ed ows that with decrease of pressure drop the Face Area seneee 500000 700000 000000 
increases, and with decrease in transverse pitch the Face sala 
ues cag: : ; length, ft 
be Area also increases. This result is unfortunate since the 
00 pressure drop is required to be as low as possible. From manufactured. Expecting the diameter to be within the 
a ee ee ao range 20-22 ft the Face Area would be 1560 ft®. 
ing 450 -2o-—_} _T oe TT Figure 4 shows that it is advantageous to use a 4-in. 
. <c0} Nm glib/s ft} Ts ‘ : ; ; 
ds, 350 } | 2% ee ee transverse pitch and this pitch gives 134 as the number 
r | r | | , : ai tak: atu 4 
of 300 } 2 —t—+—+-4 1 of rows required. From Fig. 5, using the same number of 
ov j | . 2 ° 
ues . & 250} — a T rows and transverse pitch, the length of tubing to be used 
his graph sh > : 
sce on gly 200 3200 + a e] 1 : is shown to be 605,000 ft, and Fig. 2 shows that the pres- 
fe hi de enalien 0 rt | sure drop is 2 1b/in°’. This does not include a margin. 
2/5 6 in . : . . 
- naga -~ is & USAIN re | If the margin be defined as (Installed Surface 
1 mos e Pa 5 2 . e 3 . 7 ° 
led (Fic name : | 4 2! Required Surface) / Installed Surface, and a margin of 15% 
Fg i = ent be selected, then the overall pressure drop has to be in- 
the E | 4 in creased to a value of 2/(1 — 0:15) = 2°355 lb/in? and the 
c ° . ° e 
his | | | number of rows increased to achieve this pressure drop, 
rea 50 the Face Area remaining unaltered. 
500 17000 1500 2000 3000 4000 5000 
llel inten @* N = 135 X 2-355/2 = 157:5 rows deep 
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The boiler height corresponding to this number of 
rows is determined by the vertical pitch which, in turn, is 
determined by the criteria mentioned in ref. (/), namely 






























= + 
Cc 
& EE 
‘ > . ansverse . > ‘ wt co | 
that the velocity in the transverse pitch would be equal §  £ £8 equivaient aiam | | 
to that in the diagonal pitch. The vertical pitch which a—8-St | 
: Be. TI 
zives this condition is 2°45 in. which for convenience 1s e « wv 
5 ; 2 c¢ ¢€9 
increased to 24 in., therefore, oe # &: 
- ot 7 E > S$ => — 
boiler height 157°5 & 2°5/12 32°8 ft 2 $ 4 | 
, v — 3- =e 
The problem now is to determine the number of row; a fF 8s ry] 
in each of the various sections of the boiler. Here use can a ~~ Fy 
be made of the fact that each point on Fig. 3 was indi- 2 6 in. 0-185 | 
vidually calculated. At a 4-in. pitch and A\P = 21b in’ g — 
the value of g is 10°61b/ft*, so that values calculated for ° ei | 
g = 10 may be used, modified as shown in Table 4. The ~ 100 — 
number of rows necessary must be multiples of 2 or 4, . = | 
+ -_ ++ 
dependent on the water path selected. re I‘ 
. I on Sli 
This design may now be accurately verified. The gas- 2 ee 
. +—+—4 ope 
side coefficients will remain unaltered but the inside p85 
coefficients will be changed considerably from the first TT tinu 
approximation. These coefficients may be _ recalculated cont 
- —— 
since the number of water paths is now known. Because with 
of the increase of the inside coefficients, and by virtue of ate 
) 40 oe 
making the number of rows the next highest number which O17 AP, Ib/in2 10 the 
. > >. > or ¢ . , . > - . ‘ . As 
is a multiple of 2, the actual margins will have increased. How the equivalent diameter affects the number of rows a 
required (Fig. 7) I fa 
ace 
TABLE 4 Calculation of number of rows required witt 
SECTION NO. OF ROWS NO. OF ROWS NECESSARY ROWS TO BE viously described. On the curve are lines of constant pitch 
) P fror 
7 > 9.384 - . . ° 
FoR g = 10 TO GIVE AP = 2-355 Ib INSTALLED so that if one pitch is selected, an equivalent diameter ade 
LPSH 6.79 157 nn aon 10 may easily be found. It should be noted that, as the equi face 
: 5] : . 8 Qe ? : - : 
118-92 valent diameter increases, there is a minimum transverse J 
— — 157-5 , pitch to give equal velocities in both the diagonal and Wo 
23-15 < 23-15 30-€ 32 ; ers 
, 118-92 ” - transverse pitches. Figure 7 shows the effect of equivalent ven 
157-5 diameter on the number of rows required, as the equivalent | hav 
> W)-75 < %&)-75 -73 > : . | yea 
— wits 118-92 ates 42 diameter increase the number of rows decreases. th 
92 a z Mase e 
157-5 With the value of the face area known, it is obvious Ber 
HTE 10-18 < 10-18 = 13-48 14 from Fig. 6 that for minimum pressure drop the equiva. | » 
g 4 mel 
118-92 . 
157°5 lent diameter has to be as small as possible, but from sele 
LPB 26:2 x 26:2 34-7 36 Fig. 7 the equivalent diameter has to be as large as pos- trol 
«9? . . 
LTE 11-85 yee 21-85 — 28-94 - sible, to give the smallest number of rows. If curves simi stal 
1- 57-5 X 2]- 2g. 3 : a 
lar to Figs. 4 and 5 are constructed it will be seen thal atn 
& 
Total 118-92 118-92 154°5 164 the equivalent diameter and the transverse pitch both % : 
ac 
; . alt . 
All the foregoing is for a tube whose geometry gives “— ” : ye small me pc — d th h i by 
: . Ae ‘rom Fig. 6 it cou >rha > argued that the smallest : 
an equivalent diameter of 0-185. If Fig. 6 is examined, ; g- sah i dppraatte pete fy ; sele 
“7s : ; Face Area is associated with small transverse pitch and 
the effect of the equivalent diameter on Face Area is ; ; d B ea tl sibl 
- ¢g > £ © t © « =. > 
shown. The lines transversing the figures are essentially — Sagpenaeae - ri wee sepaaonieag. = of 
those from Fig. 2 for various transverse pitches. From pointed out, to limit the velocity in the diagonal pitch to 
the curve it will be seen that, as the equivalent diameter that in the transverse pitch, 4-in. transverse pitch wit 3 the 
increases, sO too does the Face Area to give the same pres- D, of 0-185 ft is the practical limit. If a larger value of D a 
da: : , “ i ee Seed > fins » tube len 
sure drop. The * equivalent diameter construction line’ has eo ——. peg worry — a ae res 
a: aliliineaaie : 
been constructed similarly to the construction lines pre- — _ a — ae ’ pat 
The finished design resolves into 6 boilers per reactor 
“ips s bane ere 
Silvas of the eeatene Ganieter an the fase Aces ta, 6) each 21 ft dia., using transverse fins as indicated in Table |. bai 
a (Fig. . : ; : 2 
. deployed on 4-in. transverse pitch and 24-in. vertical pitch dif 
! —— aot ty 
eed rT 7 TTT) a ee in staggered formation. The height over the tube banks von 
+ & — equivatent piam!| | corresponds to 164 rows, and is 34:2 ft high. There are tak 
| & —construgtion line | | five interbank spaces each at 2ft 6in. and allowing for 
a } | . ° ° 
> | ae | hemispherical ends the total boiler height becomes of 
5 | on 67ft 8in. The pressure drop over the tube banks |s are 
PO l ° 
. 2:4 Ib/in?. va 
ea Pe ; | tw 
e —- : 
Ad ( Ons 922 tt References = 
equivalent diam) ee | 1. Ediss, B.G., Bilsborough, R., and Carr, F., NUCLEAR POWER ch 
1000 \oganthmig incr ment 6 5. 44in 4in. transverse pitch ‘ 1959, 4, July 80-82; August, 95-98. acl 
07 en ae cmepenernaes , 2. Jameson, S. L., Trans. ASME, 1945, 67, 633-642. 
Pp 2 0 See also Gardener, K. A., op. cit. 621-632. 
AP, (b/in 3. Gunter, A. Y., and Shaw, W. A., op. cit., 643-660. Sig 
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Berkeley will be one of the first nuclear power stations 
in the UK to change fuel while the reactors are on load 


Fuel handling at Berkeley 


[* COMMERCIAL nuclear power 
stations, loading and _ unloading 
operations should be carried out while 
the reactor is on power to assure con- 
tinuous generation of electricity; the 
control equipment must be able to be 
withdrawn for servicing ; and an accur- 
ate assessment needs to be made of 
the future requirements of the reactor. 
As well as being completely heat- 
resistant and pressure-tight, the charge 
face machinery must also be able to 
withstand gamma rays and be immune 
from neutron activity so as to provide 


adequate protection for the charge 
face operators 
John Thompson Ordnance Co., 


Wolverhampton, the precision engin- 
eers of the John Thompson Group, 
have been engaged for the past three 
years in the design and production of 
the fuel handling machinery for 
Berkeley. The production of the equip- 
ment called for the use of specially 
selected machine tools and rigidly con- 
trolled conditions, including high 
standards of cleanliness and constant 
atmospheric temperatures. Some idea 
of the accuracy with which the charge 
face machinery is made is shown 
by the fact that charge chutes when 
selecting one fuel channel from a pos- 
sible 3000 must do so from a distance 
of 40 ft and to within 0-22 in. 

The choice of materials for making 
the machinery, and the production 
methods used created numerous prob- 
lems surmounted only by extensive 
research. All materials must be com- 
patible and difficulties were encount- 
ered with such items as rotating bear- 
ings, etc. When welding the assemblies, 
differences in clearances between stain- 
less steel and mild steel had to be 
taken into account. 

At Berkeley, the general conception 
of fuel handling had been to use sep- 
arate functional machines so that there 
are five machines rather than one or 
two multi-purpose machines. These 
comprise charge/discharge machines, 
chute machine, and control rod and 
actuator servicing machine (Fig. 1). 

Three of the large machines are de- 
signed for refuelling the reactor while 
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under load. Access to the 3000 reactor 
fuel channels, each of which contains 
13 elements, is by means of 60 charge 
standpipes led through the biological 
shield. Each standpipe is surmounted 
by a flap valve. 

The chute machine is first brought 
into use. The required standpipe is 
prepared and an operational shield 
skirt lifted into place and lined up. 


Behute machine 


charge/discharge} 


machine 














The chute machine is then lifted onto 
this. using the overhead crane which 
has a forked mast. The seal is made 
and the machine pressurized. The flap 
valve is opened by remote control and 
the grab lowered to engage the shield 
plug in the standpipe. This is lifted 
out, and secured in one chamber of 
the 3-part magazine of the machine, 
which is some 55 ft high. The grab is 








a - 
Layout of the fuel handling equipment on the charge face (Fig. 1) 


released and the magazine rotated, the 
grab then engages the chute which is 
lowered into the standpipe, and enters 
a socket above the graphite core. The 
chute can be rotated and its lower leg 
extended. After release and with- 
drawal of the grab the flap valve is 
shut and the machine purged of gas 
and removed. 
The discnarge 


machine is next 


control rod and 
actuator servicing 
machine 


visual observation & 
removal equipment 





brought up and coupled to the stand- 
pipe. When pressurized and with the 
flap valve open, the lowest portion of 
the machine is lowered through the 
valve to engage the head of the chute 
and allow operation of it. 

The discharge machine is fully auto- 
matic in operation. The zircaloy grab 
is lowered to the bottom leg of the 
chute, leg raised, grab lowered to en- 
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winding mechanism 
and gearbox 


fans / 
heat / \ 
exchangers yf 


The charge/dis- 


ne charge machine, 
essentially a wind- 

ing mechanism, 

top plug rests On an opera- 

] fuel element tional skirt. The 

purge pipe > grab fans of the circu- 
lating cleansing and 

a] cooling system, 

Si! LU magazine normally using air 

i™ ed shield but substituting 

poe 9 om “4 magazine CO. when con- 


nected to the reac- 
rotary shield tor, are powered 
plug from trailing cables 


(Fig. 2) 
sheilaing ie aunetinal 
chute gearbox Skirt 
operating gear 
periscope 

gage the fuel element, grab operated, grab winding mechanism, and control 
element lifted to bottom leg, weighed, switches, winding gearbox assembly, 
chute collapsed, element raised to drives to magazine and latch mechan- 
magazine, latch lowered, element low- ism, chute gearbox and standpipe op- 
ered, grab disengaged, grab raised, and erating gear, control panel and its 
finally the magazine indexed. mechanism, and circulating and cool- 

The machine does this for all thir- ing equipment (Fig. 2). 
teen elements and also removes and Basically the charge/discharge 
replaces the shield plugs in the chute machine is a winding mechanism con- 
head, in the course of about 75 trolling a grab which can engage or 
minutes. It then indicates completion. disengage from a fuel element, etc., as 

Sealed off and purged, the machine, required. A rotatable magazine can 
which incorporates _heat-exchange accommodate 13 fuel elements and 
cooling, is transferred to the discharge also a reflector, a gag and a spare, and 
point, and the sequence of operations four concrete plugs are fitted to re- 
is altered by a punched card substitu- duce the effect of radiation; in the 
tion. It then automatically discharges bottom plug is a rotary shield to seal- 
its load to the flask at the bottom of off the channel used by the grab. All 
a long discharge shaft. the machinery is contained in a pres- 

Meanwhile the charge machine, sure vessel, shielded on the outer side 
which is identical in construction with to give the necessary protection, and 
the discharge machine, has _ been built to withstand the working pressure 
charged with new fuel over the load- in the reactor. 
ing point. Transferred to the stand- For operating the machinery, drives 
pipe and pressurized, it charges the (power and hand), electric indicator 
fuel channel from its magazine. This wiring, etc., pass through the pressure 
is done under automatic control as for vessel and shielding to a control panel 
discharge. For special operations such in which routine operations can be 
as gag changing, selection controls can automatically controlled by means of 
be used such as sequence button oper- relays, uniselector switches and a sel- 
ation and hand control, each handle ective card system. A fully compre- 
having a slipping clutch incorporated hensive system of interlocks (both 
to limit the torque. The requirement mechanical and electrical) prevent 
is to change 10 channels per week actions which may cause damage or 
after 2 years. prove dangerous. 


; : To operate, a machine must rest on 
Charge and discharge machines a skirt ; the loading conveyor skirt, the 


The main constituents of each of discharge well skirt, or an operating 
these machines are fuel element grab, skirt. When not operating, the machine 
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rests on a parking skirt. The — achine 
weighing approximately 100 ts, mug 
be lifted by crane from one <kirt to 
another. 

Three machines are fitted v ‘h each 


reactor; the charge and charge 
units on the charge face fo opera. 
tional purposes, and a tandby 


machine, ready for service, ut not 
fitted with shielding. 


Chute machines 

The machine includes a_ charge 
chute for use with the chaz ze dis. 
charge machine; flux scannir - chute 
used in conjunction with the fl: x scan 
ning winch; fixed absorber ch. ie used 
with the control rod and actus (or ser 
vicing machine crasm; therm. couple 
chute to work with its own wirch ves. 
sel; reactor periscope ; standp:pe plug 
which normally closes and shiclds the 
bore through the charge standpipe; 
metal samples handling chute: 
graphite sample trailing thermocouple 
chute; and charge standpipe sealing 
plug. 

Two machines are supplied for each 
reactor charge face, the spare replace 
ment unit not being fitted with shield- 
ing. Because the chute machine oper- 
ates with the reactor on load. it in- 
cludes a pressure vessel which can be 
connected to the reactor. via_ the 
standpipe (Fig. 3). 

The chute machine’s equipment 
comprises a grab and winding mech- 
anism to raise or lower the chute; a 
rotating three-chambered magazine to 
store two chutes ; mechanism to cause 
the grab to connect with or release its 
load, and to support a released load in 
the magazine. 

Outside the main shielding on which 
the pressure vessel is supported, is a 
control panel for operating — the 
machine. 

The chute machine is placed by the 
crane on a operational skirt when 
working over a charge point, over the 
inspection well, the discharge well. or 
the decontamination well. With the 
exceptions of the high parking skirt 
and the loading skirt, the machine can 
be placed on any support skirt. Elec 
trical interlocks prevent lifting until 
machine and standpipe have been cor- 
rectly prepared. Interlocks, all ol 
which operate * fail to safe’ also pre- 
vent incorrect operation of _ the 
machine. 


Control rod servicing machine 

The reactor contains a large number 
of control rods which can be lowered 
or raised from the graphite core as 
part of the reactor control system. 
Most of the control rods are connec- 
ted by wire cables to electrical 
winches. These winches, called actua- 
tors, are about 15 in. dia. 12 ft long 


NUCLEAR POWER May 1960 








dia 
get 
ton 
wh 
the 


the 
tio 
the 
shi 


ine 


nust 


t te 


aC] 
arge 
era 
dby 
not 


irge 


jute 








(including elding plug), and weigh 
15 cwt. 1 ,ctuators are in the pres- 
sure syst and are secured in the 


ield in specially shaped 
,crewed rings which secure 
; are turned by a motor 
zg. known as the actuator 


biologica 
standpipe 
the actua 
and gear 


clamping achine, which must be 
attached to the actuator during its re- 
moval or replacement in the stand- 
pipe. 


The machine is used to exchange 
actuators and control rods, gags, fixed 
absorbers, etc. The complete unit com- 
prises a magazine section containing 
grabs and their winding gear, and a 
support. or skirt section complete with 
various tools by means of which the 
actuator can be separated from or 
connected to its control rod. The skirt 
section is also used with the visual 
observation and recovery equipment 
when necessary. Both sections can 
withstand, either separately or to- 
gether, the gas pressure in the reactor, 
and can be operated while the reactor 
is on load. (For brevity, the machine 
is called crasm, Fig. 4.) 


Magazine and skirt sections 

About 40 ft high and 5 ft in 
diameter, the magazine section to- 
gether with its shielding, weighs 8&5 
tons. Shielding is fitted in a structure 
which allows the main crane to lift 
the complete unit. 

A 90-in. dia. ball bearing on which 
the pressure vessel and the major por- 
tion of the shielding can be rotated in 
the vertical plane, is situated in the 
shielding structure. 

Four magazines are contained in the 
pressure vessel: one for a clean (un- 
contaminated) actuator; one for a 
dirty (radioactive) actuator; one for 
a clean control rod; and one for a 
dirty control rod. Each magazine con- 
tains its appropriate grab which is 
raised or lowered by an independent 
set of winding gear. The operating 
gear for winding gears, for grab oper- 
ation, for rotating shields in the bot- 
tom of the magazine, and for four 
flap valves which seal the vessel, pass 
through the vessel and shielding where 
appropriate. Operating gear is driven 
by electric motor and gearboxes on 
the outer surface. 

Dimensions of the skirt section and 
its shielding are, roughly, 104 ft dia. 
and 8 ft high, and its weight is 65 
tons. The pressure vessel has two op- 
erating tools ; a manipulating tool and 
a cable recovery tool. The former pro- 
vides the means whereby the control 
rod is disconnected from or connected 
to the cable on the actuator, and the 
latter supplies a means of recovering 


the control rod and its cable, should 
an actuator become defective. To 
assist in these operations, two _peri- 
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scopes are fitted. A rotary shield and 
two flap valves seal against radiation 
and pressure, and a separate sleeve is 
provided to bridge the gap between the 
standpipe and the bottom of the skirt. 

As a separate unit, the control panel 
is on a trolley connected by electric 
cables to the power supply and to 
both the magazine and skirt sections. 
When the visual operation and re- 
covery equipment is in use with the 
skirt section, the control panel links 
the skirt and control panel on the 
recovery equipment. 

The skirt, placed by the crane over 
either an actuator standpipe or a 
charge standpipe, rests flat on the 
charge floor plates and the connexion 
to the standpipe is made by the appro- 
priate sleeve. When operations on the 
reactor are to be carried out the 
magazine can be placed on a skirt. It 
is placed on an operational skirt over 
the inspection well or the chute de- 
contamination hole, for reloading or 
discharging. It can be positioned on 
any of the skirts on the charge face 
floor and electric interlocks prevent 
either magazine or skirt being lifted 




















Support skirts 

With the exception of the crasm skirt, 
which itself is a pressure vessel and a 
machine, all skirts are, basically, sup- 
port structures. Semi-permanent sup- 
port skirts for the loading conveyer ; 
for the discharge well; and for both 
low and high parking, are provided 
for each reactor, which also has three 
moveable operational skirts. The 
design of support skirts varies only in 
shielding requirements and _ overall 
height. 

Loading conveyer skirt This is 
semi-permanently positioned over the 
loading conveyer to locate and support 
the charge machine when it is being 
re-filled. It is 5 ft 3 in. high and con- 
tains 154 in. of iron shot concrete in 
its walls. A separate platform on the 
outside gives access to the machine’s 
controls. 

Discharge well skirt Semi-perman- 
ently positioned over the discharge 
well and the adjacent chute deconta- 
mination hole, this skirt locates and 
supports the discharge machine. the 
chute machine, the visual observation 
and recovery equipment (vore), the 
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The control rod and actuator servicing 
machine exchanges actuators, control rods, 
gags and fixed absorbers (Fig. 4) 


magazine for discharging. The skirt is 
2ft 6in. high and contains 4in. of 
lead and 191 in. of iron shot concrete 
in its walls. 

Low parking skirt This unit is semi- 
permanently positioned near the en- 
trance to the maintenance bay. It is 
2 ft 6in. high, but its walls have no 
shielding. 


Basically the fuel loading conveyer is a 

roller chain passing over a single sprocket 

wheel; a handle turns the sprocket wheel 

via a spring-loaded clutch which prevents 
overload (Fig. 5) 


loading skirt 
fuel preparation 
room indicator 
















low pressure 
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High parking skirt Sem: ermap. 
ently positioned near to the park. 


ing skirt, this unit can ac >t any 
machine. It is 7ft 1} in. hig ind its 
walls contain 8 in. of lead ar 1 {2 jp 
of iron shot concrete. Insi it are 
guides, provided to enable crane 
to position the skirt as requi 
Operational skirt This is p <itioned 
where required on the cha face 


floor and can accept any ichine 
From inside out, the walls ¢ 


SISt of 
16; in. of borated polythene on the 
inside and 3 in. of lead on th: outside 
and the unit is 2 ft 6in. high Header 
tanks, connected permanentl, to the 
polythene-filled ring, allow or the 


expansion or contraction of t e poly- 
thene mixture under extremes of tem- 
perature. Air release plugs are crewed 
to the top of the skirt for niinufac- 
turing purposes and pads, at te base, 
allow the attachment of dowel 
brackets for location over the inspec- 
tion well, etc. Friction pads are fitted 
on the bottom surface to prevent 
movement while the skirt is resting on 
the floor and extra shielding, made of 
borated hydroboard enclosed in fabri 
cated plating, extends outside the 
bottom of the ring. 


Fuel element loader and conveyer 

This equipment is used for loading 
fuel elements into the charge machine 
and comprises loading skirt, low pres- 
sure coupling, loading conveyer and 
its loader (Fig. 5). 

The conveyer consists of two hori- 
zontal endless chains passing around 
four sprocket wheels, each pair on a 
vertical axle. Supported between the 
chains are 16 compartments of ap- 
proximately the same section as the 
tube used in the charge machine 
magazine. Stops fitted in the bottom 
of the compartment hold the fuel cle- 
ment which is lowered into them by 
the loader, and raised from them by 
the fuel element grab in the charge 
machine. The spacing of the com- 
partments is such that they extend 
over half of the conveyer only: when 
the first is under the skirt, the other 
is under the loader. Five spacers are 
fitted in the blank portion of the con- 
veyer to maintain the correct spacing 
between the two chains. 

A motor and gearbox, mounted on 
the charge face wall drives the con 
veyer. 

Loader casing is made up of one 
plain tube for the balance weight and 
another tube of the same sections as 
those in the charge machine maga- 
zine; the latter tube is cut away to 
allow a fuel element to be inserted. 
Two flat plates fill in the sides of the 
casing which is surrounded by iron 
shot concrete shielding in a steel re- 
taining shell. 
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GROUND W O8K—Information 

What 4 e basic methods for 
obtainin: formation on atomic 
ener 

The volu published information on 
scientific technica! subjects is rap:dly 
growing ca year and it becomes in- 
creasingly icult for the research and 
technical worker at any level to keep 


current developments. A 
number of reports, confer- 
ence papers. symposia, original articles 
in journals, books, patents and trade 
literature form the material for study. 

Some large organizations possess gcod 
information services that are well 
equipped to ease the burden of search 
but many of our readers are either noi 
so fortunately placed, or they may prefer 
to find information for themselves. The 
key to published information is the bibli- 
ography and the abstract service, which 
in the nuclear field is fairly adequately 


abreast will 
bewildering 


covered 

Nuclear Science Abstracts °, NSA, was 
initially issued by the USAEC for use by 
government research establishments and 
contractors, but it now has a world-wide 
distribution. In addition to giving indica- 
tive abstracts of all declassified reports 
from the AEC, it covers reports from 
non-contractual organizations in the USA, 
other atomic energy authorities, trans- 
lations, journal articles, books and 
patents. Publication started in 1947 since 
when it has steadily increased its cover- 
age. Each issue, which is fortnightly, 
now contains indexes to subjects, authors, 
organizations and reports, and_ these 
appear in cumulative form quarterly, 
half-yearly and annually. 

In common with most published ab- 
stracts, NSA is some months behind but 
many of the AEC reports do appear, in 
listed form only, far sooner in the official 
‘US Government Research Report’. 
Using these publications. it is easy 
enough to compile a reading list on any 
nuclear subject but the next problem is 
where to obtain the material. Fortunately, 
there have been established in this coun- 
try a number of depository collections 
for USAEC and UKAEA reports ad- 
ministered by selected public library 
authorities: these are at London (Acton), 
Birmingham. Bristol, Kingston-upon- 
Hull, Leeds, Liverpool, Manchester, 
Newcastle, Nottingham and Sheffield. It 
is a condition that all deposited material 
should be made available for loan to 
industry and others, preferably through 
librarians where they exist, but there is 
no reason why requests from individuals 
should not be met. 

As far as the UKAEA is concerned, 
a very useful publication to consult is 
the monthly * List of publications avail- 
able to the Public’ which consists oi 
original documents and translations, to- 
gether with articles in periodicals con- 
tributed by the Authority staff. Apart 
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from a number of very useful biblio- 
graphies compiled by the Harwell and 
Risley libraries, there is also available a 
complete guide to ‘Sources of Informa- 
tion in Atomic Energy’ in the form of a 
Harwell publication AERE-Lib/L1 (3rd 
edition) 1960. All these are available for 
purchase through HMSO. 


VISUAL AIDS—Films 

Practical experience with reactors is 
available only to a limited number of 
students: for others the film medium 
must provide the nearest approach to 
that experience. The modern technical 
film is a valuable asset in training 
courses, especially when actual scenes of 
reactor operation can be linked with 
theoretical diagrams. American technical 
films of reactor topics are most num- 
erous and cover a wide variety of sub- 
jects, but British films of this type are, in 
general, excellent and increasing in num- 
ber. European countries do not appear 
to have exploited the nuclear technical 
film to any large extent. 

We give below a selection of films for 
the beginner and the more advanced 
student. 

4 is for Atom An entertaining colour 
film giving in cartoon form an elemen- 
tary account of the principles of nuclear 
fission reactions. It is useful as an open- 
ing film in a nuclear reactor course. (15 
minutes) (Central Film Library, London 
16mm Sound Colour £1 per day) 
Isotopes This is an introduction to theory 
and application, designed for science 
specialists in grammar schools and tech- 
nical colleges. (1S minutes) (Education 
Foundation for Visual Aids, London 
16 mm Sound Colour) 
Radioisotopes in Industry 
organization for the preparation and 
despatch of radioisotopes, particularly 
short-lived isotopes. Many applications 
are illustrated but these are somewhat 
crowded towards the end of the film. 
(About 30 minutes) (UKAEA, London 
16mm Sound Colour Free hire) 
Marcoule, Cité Atomique Surveys French 
progress in the nuclear energy field, illus- 
trating particularly the Gl, G2 and G3 re- 
actors. English Commentary. (About 40 
minutes) Institut Francais du Royaume 
Uni, London 16mm _ Sound Colour 
7/6 per day) 

Criticality The dangers of accumulat ng 
an overcritical mass of fissionable mater- 
ial are strikingly shown in colour by 
animated diagrams and scenes of factory 
practice. Not a recent film, but one well 
worth seeing. (About 30 minutes) 
(UKAEA, Harwell 16 mm Sound Colour 
Free hire) 

Metals of the Nuclear Age The metal- 
lurgy of uranium, plutonium and the 
newer metals for fuel canning. Uses 
diagrams most effectively. Some metal- 
lurgical background is an advantage for 
a full appreciation of this excellent film. 
(About 35 minutes) (UKAEA, London 
16mm Sound Colour Free hire) 


Shows the 








Stills from the film ‘lsotopes’ show 
(above) thickness measurement ap- 


plied to rolling metal strip and 
(below) the principle of thickness 
gauges 


Spert 1—Experiments in Nuclear Reactor 


Safety (USA) A most striking film illus- 
trating power excursions in a swimming 
pool type of reactor. Shots of the sudden 
onset of boiling and the eruption of 
the water are linked to graphical dia- 
grams of power changes. Flashes of 
Cerenkov radiation are very well shown. 
Definitely a film for the student with 
some understanding of reactor control 
problems. (About 35 minutes) (USAEC, 
London 16mm _ Sound Colour Free 
hire) 


NEWSBRIEFS 


© The Institution of Chemical Engineers 
have revised in part the regulations for 
admission to the classes of Graduate 
and Associate Membership. The revisions 
are mainly concerned with the definition 
of exemption from examination quali- 
fications. 

e A permit to build a Triga II reactor on 
the Illinois University campus is to be 
granted by the USAEC who are making a 
£53,000 grant and lending the fuel with- 
out charge. 

@ The FBI Overseas Scholarship Scheme, 
introduced in 1950, has resulted in the 
training of 357 engineers from 37 under- 
developed countries in over 300 British 
firms. 


UK COURSES 


Borough Polytechnic, London. Reactor 
control and instrumentation. Commenc- 
ing 7.00 on Thursday, 28th April, and 
subsequent Thursdays up to 26th May. 
Fee: 10s. 


109 








The second article in this series 
discusses the design and use 
of apparatus for the measure- 
ment of radiation exposure 


Health physics instrumentation—2 


by DENIS TAYLOR, M‘Sc., Ph.D., M.LE.E., F.Inst.P., 


Plessey Nucleonics Ltd. 


[' IS WELL KNOWN that in the early days of radiation 
dosimetry the roentgen was accepted internationally 
as the unit for expressing X-ray exposure. The unit was 
based on the concept of the free-air ionization chamber, 
which is still the basis of standardization measurements. It 
may be noted that the free-air ionization chamber is 
capable (/) of a precision of the order of 0:5% in measure- 
ment of X-rays generated by voltages between 50 and 
500 kV. In the case of higher energies the free-air chamber 
becomes impracticably large and so it is necessary to use 
various secondary radiation meters which may be cali- 
brated against the free-air chamber as a standard. Free-air 
chambers are, in fact, seldom used outside the national 
standards laboratories, and in industry wide use is made of 
these secondary instruments. 

For normal use a smaller and more robust type of 
ionization chamber is required. Chambers of this type can 
be calibrated against a free-air chamber, and so it is not 
necessary that its response should be exactly calculable. 
On the other hand it is desirable that its response to 
different energies shall not be different from that of air (or 
tissue if the biological dose is required). This is achieved 
by making the walls and electrodes of the chamber of 
materials whose atomic number is not very different from 
that of air (or tissue if the tissue dose is required). Instru- 
ments for the measurement of X-ray and y-radiation are 
often made of plastic. Although it is permissible in some 
cases to use wall-material which is not quite tissue-equiva- 
lent, it is necessary to avoid the use of materials of high 
atomic numbers, to avoid enhanced response at certain 
energies. In the case of y-radiation it is reasonable to mix 
materials so that the average atomic number corresponds 
to that required to be air-equivalent or tissue-equivalent. 
However, in the case of chambers used for measuring 
neutron exposure more careful design is necessary, because 
detection in this case is through interactions with the 
nuclei present, and this necessarily means having the correct 
materials present. 


Instruments for radiation exposure 

Instruments for the measurement of radiation exposure 
usually comprise a radiation detector and a suitable meas- 
uring circuit feeding a presentation unit. The latter may 
take the form of an aural or visual indicator, meter 
indication being the most common. Depending upon the 
circuit arrangement, a given instrument may indicate dose 
rate or integrated dose, but rate indication is invariably 
preferred in health physics surveys. 
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Ionization chamber detectors tend to be emplo\ed for 
these instruments, because of the simplicity of relaiing the 
measurements to a standard free-air chamber for calibra 
tion purposes. The currents produced by ionization cham 
bers for the usual order of measurement required (ie 
around rates corresponding to the maximum perniuissible 
level for a working day, 7‘S mr/h) are of the order ofa 
micromicroamp even if a large volume ionization chamber 
is employed. Hence it is necessary to associate with the 
ionization-chamber detector a very sensitive direct-current 
amplifier, and a thermionic valve with a specially high 
input resistance (low grid resistance) is essential. One-valve 
instruments are common for simple survey measurements, 
but greater flexibility is possible using two or more valves 
The more elaborate circuits allow greater precision of 
measurement of dose rate, shorter response time. or im- 
proved linear response. So far transistors have not been pro- 
duced capable of replacing the first (electrometer) stage of 
these units, but it is possible to design a suitable amplifier for 
use with an ionization-chamber detector comprising a 
first-stage electrometer valve, followed by a number o! 
transistor stages, and this appears to be the design pattern 
to be followed for the next few years. 

Survey meters of the portable type generally employ 
switched linear ranges. A typical instrument may employ. 
for example, three ranges covering 0—-12:5 mr,h, (-125 
mr/h, and 0-1250 mr/h. In some cases measurement over 
a wide range of dose rates is required. It is then possible to 
follow the ionization-chamber detector with a logarithmic 
amplifier, and instruments of this type are very popular. 
particularly for dose-rate measurements at fixed locations. 
Such instruments are much used around reactor plants. par- 
ticle accelerating machinery, etc., and are often arranged 
to feed an output to a chart recorder and to operate 
alarms when the dose-rate exceeds some pre-set figure 
They are also employed to operate interlocks preventing 
entry to certain areas around reactor plant. etc.. when te 
measured dose-rate at these locations exceeds the mp! 

Geiger counters are widely used for special purpose 
survey meters. Such instruments provide an indication 
which is proportional to the number of ionizing particles 
which enter its sensitive volume, rather than to the total 
ionization produced. It is possible, therefore, to calibrate 
geiger-counter instruments to read dose-rate where a single 
kind of radiation is present, but they cannot be used to 
determine dose-rates where mixed radiations are present. 
Geiger-counter instruments can, therefore, be employed as 
dose-rate monitors, but their limitations should be clearly 
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heir chief application, because of their high 


understo 
sensitiVit} for rapid survey work in the detection and 
location « ils and contamination (2). 

Geige! iter detectors are employed with a ratemeter 
circuit ane may be arranged, if required, to operate a 


It is possible to use transistor circuits and, 
therefore y compact, light-weight instruments may be 
designed e limitation which is worth noting is that 
ers have a comparatively long dead time (3), 


chart recs 


geiger COL 
after each pulse. which means that they cannot be used 
above a certain fixed counting rate. This can lead to diffi- 
culties as high intensity fields they may be paralysed 
and give a dangerously low reading. 

In the last few years scintillation-counter detectors em- 
ploying a scintillator and a photomultiplier tube have been 
much used in health-physics instruments. For gamma-ray 
measurements a sodium iodide scintillator has been em- 
ployed extensis ely to provide information about the energy 
spectrum of the radiation, as well as for dose-rate measure- 
ments. It has the advantage that it can operate in much 
higher intensity radiation fields than a geiger-counter. Thin 
organic crystals may be employed for the selective count- 
ing of beta-particles and plastic phosphors are now avail- 
able which may be employed for counting fast neutrons. 

The new photoconductive crystals (4) seem likely to offer 
the possibility of a very inexpensive survey suitable for 
civil defence applications, but it is not clear whether they 
will compete with ionization-chamber instruments where 
reasonably high precision is required. They do not compete 
with scintillation-counter instruments where measurement 
of mixed radiations is required, but for health physics 
applications where, for example. a criticality incident is 
involved, they may be of great value because of the 
simplicity of their measurement system which, of course, 
adds to the reliability of the system. 


lonization-chamber instruments 

The simplest type of apparatus for the measurement of 
dose-rate uses an ionization chamber feeding into an elec- 
trometer valve circuit as shown in Fig. 1. It will be seen 
that the electrometer valve circuit is employed to measure 
the voltage developed across a load resistor by the output 
current from the chamber. The ionization current is given 
by | 9-26 chamber volume in cm®* 
r/h X 107A, 

he simple circuit as shown in Fig. | has various limita- 
tions. These are limitations in sensitivity and due to re- 
verse grid-current (/,) in the electrometer valve, leakage 
currents across grid-circuit insulation, and slow response 
umes with high values of the load resistance. It will be 
noted that a zero setting is provided. When checking the 
zero setting it is desirable to short-circuit the load resis- 
tance to ensure that incident radiation is not contributing 
to the reading. 


dose-rate in 


When considering the design of a dose-rate monitor it is 
necessary to realize that the product /, X R, must be small 
compared with the working grid swing AV, of the electro- 
meter valve. This means that if the grid current is of the 
order of 10°'5A, it is reasonable to use this electrometer 
for the measurement of ionization currents down to 10-"A. 
With very low dose-rates the ionization current from small 
chambers may be less than this (i.e. less than 10-1'A) as 
can be seen from the formula above. It is possible to 
increase the ionization current by using a_ pressurized 
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ionization chamber 

gives simple dose- 

rate measurement 
(Fig. 1) 
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chamber. This is a satisfactory solution if a gamma-radia- 
tion measurement only is involved. In some cases, however, 
survey instruments are required to measure beta- as well 
as gamma-radiation. This means providing the ionization 
chamber with a beta-sensitive window which has to be 
covered by a plate when making a gamma-dose measure- 
ment. Sometimes the double measurement is unacceptable, 
and it is then necessary to use the type of instrument 
illustrated in Fig. 2, which uses a double ionization cham- 
ber. One part of the chamber is sensitive to gamma-rays 
only, whereas the other part of the chamber is sensitive 
to (beta + gamma) radiation. The chambers are arranged 
in Opposition so that the current from the collector elec- 
trode is a measure of the beta-dose. 

Consideration of the leakage current across the grid- 
circuit insulation is an important design factor to be 
considered. It is useful to employ a guard ring (5) in the 
chamber. This has the effect of minimizing the effect of 
leakage via the chamber insulation resistance (R,) with the 
guard ring connected to a bias voltage between the collec- 
tor and polarizing electrodes. The maximum leakage cur- 
rent is then V,/R,. instead of V,/R, and only the 
collector-to-guard ring insulation is highly critical. 

The time constant obtainable with the simple circuit 
shown in Fig. 1 is of the order of a few seconds. To 
achieve shorter response time it is necessary to employ 
a more elaborate circuit. One such circuit is shown in Fig. 
3. It will be noted that a pentode electrometer valve is 
employed in a d.c. amplifier circuit with overall negative 
feedback to the load resistance R,. With this circuit input 
impedance and hence response time are divided by the 
amplifier gain. Other advantages which accrue from this 
more elaborate circuit arrangement is that dependence on 
voltage stability is reduced, and the value of the guard 
ring is increased. One other feature which is worth noting 
is the use of a guard ring on the range switch for switch- 
ing different load resistors into the measuring circuit. The 
usual arrangement is shown in Fig. 4, whereby resistors 
not in the circuit are grounded and switch leakage does 





guard’ ve 
electrode 
insulator . he cna collector electrode 





a-ve (earthy) 


open grille thin metalized 
plastic window 


Double ionization chamber with the chambers arranged in 
Opposition so that the current from the collector gives the 
beta-dose only (Fig. 2) 


not shunt the selected input resistor between the grid and 
the feedback line. 

Figure 5 shows the type of circuit (6) used for wide- 
range measurement of dose-rate. A pentode electrometer 
is employed in which negative feedback is applied to the 
screen grid. The anode current is maintained substantially 
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A d.c. amplifier circuit using a pentode electrometer valve 
gives 2 much shorter response time than the circuit in Fig. | 
( Fig. 3) 


constant over the operating range of the system. Selected 
valves can be used in this circuit to cover up to seven 
decades, e.g. 10-** to 10-®A. 


Mechanical arrangements 

Survey meters require a careful layout to ensure that 
a satisfactory performance is obtained. In the case of many 
health physics instruments good omni-directional charac- 
teristics are necessary over the required solid angle of 
detection. This is important not only in connexion with the 
overall performance of the apparatus, but also with its 
calibration. In most cases good omni-directional charac- 
teristics are required over the forward 27 solid angle. In- 
struments of this type are, however, invariably calibrated 
using a point source (usually radium or radio-cobalt) and 
it is necessary that the calibration method adopted takes 
account of the manner in which the apparatus is normally 
used. If this is not done gross errors can result. 

In general, it is necessary when designing survey meters 
to have a complete knowledge of the instruments’ direc- 
tional characteristics and to make sure that the calibration 
system to be adopted takes account of these characteristics. 
If an instrument is to monitor monoenergetic radiation, 
then it can be calibrated with the same radiation. In many 
cases an instrument has to make measurements of radia- 
tions covering a wide spectrum of energies. It is worth 
while to appreciate the limitations of calibration at one 
energy. This is shown in Fig. 6 which gives typical response 
characteristics for a survey meter in the horizontal plane 
for gamma-radiation of 1-2 MeV and 0°16 MeV. It will be 
seen that the sensitivity is reduced by about 25% in the 
least favourable direction when checked with the low- 
energy radiation as compared with 1:2 MeV gamma-radia- 
tion. The reduced sensitivity is due in this case to absorp- 
tion in the battery compartment which is at the back of 
the meter. The reduced performance is limited to a very 


In this guard-ring arrangement load resistors not in the 
circuit are grounded (Fig. 4) 
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narrow angle (about 20°) while the solid angle —,volved 
is about 7% of 47. The correction will therefor 5¢ very 


small when concerned with a source giving rise » equal 
dose-rates over the lower 27. It will be less when 
concerned with a source giving rise to equal dose- ‘es over 
the forward 27. Generally it follows that the ic zation. 


chamber detector should be arranged forward © the reg 
of the apparatus and arranged so that as smal! 1 angle 
as possible is obscuring the direct view of the cc tamina. 
tion by the detector. 

It is also worth remembering that when instrui nts are 
carried by an observer his presence near the ir rument 
may influence the reading. This is shown in F 7, the 
outer curve corresponding to the measured per! rmance 
without an observer in close proximity to the ins rument 
In general it is found that the presence of the © bserver 
causes a reduction in the measured dose-rate by 10% to 
1S‘h- 

Two points of special interest to the designer arise 
Firstly, he should plan the layout of his instrument so that 
the two curves of Fig. 7 are as symmetrical as possible 
It is then possible to apply a rough correction if required 








Circuit used for wide-range dose-rate measurement (Fig. 5) 


to the measured dose-rate by adding a constant percentage. 
Secondly, the designer should consider employing a cali- 
bration method which takes account of the manner in 
which the survey meter is employed in practice. It follows 
that to obtain an overall precision of measurement of 
better than + 25% may be difficult to obtain particularly 
when the instrument is to be used over a wide range of 
gamma-ray energies. It is, of course, possible to arrange 
the detector head on the end of a metal tube held at some 
distance in front of the observer. With the detector head 
at about 3ft in front of the observer a precision olf 
measurement of dose-rate over an energy range of 65 ke\ 
to 2 MeV has been obtained with a number of designs 
based on this principle even for widely dispersed con- 
tamination. 

Another design aspect to bear in mind in designing 
survey meters is that the provision of a beta-window in 
an ionization-chamber inevitably affects the performance 
of the composite instrument when used with gamma- 
radiation. Hence, when reasonably high precision is re- 
quired it is a good plan to avoid an all-purpose ionization- 
chamber. It is better to have separate ionization-chamber 
heads, one for gamma-radiation measurements and a 
second one for beta-radiation measurements. 

It should be noted that the provision of a beta-window 
in an ionization-chamber does no more than ensure that 
the instrument is sensitive to beta-radiation, and it does 
not follow that the instrument can be used quantitatively. 
If the window is limited to one side of the chamber (as 
is usually the case) then the instrument will exhibit marked 
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aracteristics. This limitation should be mad> 


direction: ; 
known | user. who otherwise can obtain false con- 
results he obtains with it. 


fidence 1! ae — 
To ca te a survey meter for beta-radiation it is 


necessary (0 compare the readings obtained with an extra- 


polation mber, which allows a true assessment of the 
beta-ray dose-rate to be made. Measurements with typical 
instruments of the type mentioned above (with a beta- 
window on one side of the chamber) show that it is neces- 


sary to multiply the measured deflection by a factor vary- 
ing between 10 and 30, depending on the energy of 
radiation, to obtain the true beta dose-rate. With mixed 
fission products the higher ratio can be neglected because 
of the greater proportion of very hard beta-radiations 
(1:5 to 3°5 MeV), and it is then reasonable to say that the 
readings taken with the survey meter with an extended 
fission product source would give a reading of 1/10 that 
of the true beta-ray dose-rate. This factor will vary some- 
what according to the size and shape of the beta window, 
the factor being larger with a smaller window. However. 
with a typical instrument with a window on one side of 
the chamber a ratio of 10/1 in B/y dose-rate would appear 
as equal deflexions on the instrument. As a beta dose of 
10 rads is no more serious than a gamma dose of | rad a 
reasonable impression of the beta hazard is given by an 
instrument of this sort. It may be noted that a beta hazard 
comparable with the gamma hazard would cause a doub- 
ling of the deflexion on removing the cover plate to 
expose the beta-window. 


Counter dose-rate monitors 

As already mentioned, geiger counters can be employed 
as detectors in dose-rate monitors, but such instruments 
are not as versatile as the corresponding ionization-cham- 
ber monitors. They can be designed to use transistor rate- 
meter circuits and can consequently be constructed in a 
compact, light-weight form. Their main application is for 
rapid survey work in detection and location of spills and 
contamination. 

Monitors using scintillation counters may be employed 
for the measurement of dose-rate. Organic and inorganic 
scintillators with high efficiencies are available for gamma- 
detection and measurement of low gamma-ray fluxes is 
possible using these scintillators in association with photo- 
multipliers. Thallium-activated sodium iodide scintillators 
are often used for gamma-ray dosimetry (7). They have 
the advantage of offering high detection efficiency and 
good energy resolution, but the disadvantages are that their 
energy response is not tissue equivalent (due to the pres- 
ence of high atomic number constituents) and that they 
respond to fast neutrons. Plastic scintillators have also 
been employed for gamma dosimetry (8) as have anthra- 
cene scintillators. They have the advantage that they pro- 
vide a response to gamma-radiation similar to that of body 
tissue regardless of energy, but both these scintillators have 
a high neutron detection efficiency which limits their appli- 
cation to gamma dosimetry. 

Neutron survey meters 

The r.b.e. of neutrons is very dependent on their energy. 
An assessment of the neutron exposure, therefore, involves 
the measurement of the flux and the energy distribution. 
When only slow neutrons are present, ionization chambers 
or counters filled with BF, gas or lined with elemental 
boron may be employed. Neutron capture by B-10 results 
in the emission of an alpha particle and the resulting 
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Typical response characteristics of a survey meter in a 
horizontal plane to gamma radiation (Fig. 6) 


ionization may be collected as a measure of the neutron 
flux, or the detector may be operated as a proportional 
counter. The latter system allows the detector to operate 
even in the presence of strong beta- and gamma-ray back- 
grounds. 

Fast neutrons may be measured using recoil proton 
counters (9) but neutron detection efficiencies are low. Scin- 
tillation methods have also been employed. Europium- 
activated lithium iodide phosphors have been used, but 
have the disadvantage of responding also to neutrons and 
gamma radiation. 

Recently health monitors have been proposed (/0) de- 
pending on the methods of discriminating between neu- 
trons and gamma-rays proposed by Brooks (//) and 
Owen (/2). The proposal is to employ an organic scintilla- 
tor, e.g. anthracene which shows an effectively longer scin- 
tillation decay for protons (recoil protons from neutron 
interactions) than for electrons (Compton electrons due to 
gamma-radiation). This makes it possible to detect fast 
neutrons in the presence of gamma radiation. Fast neutron 
efficiencies of the order of 10% are possible with a gamma 
efficiency of less than 0:007%. It is also possible to use 
similar equipment in association with an anti-coincidence 
circuit to monitor only the gamma radiation, and instru- 
ments of this sort are under development (/3). 


Personnel monitoring instruments 
Estimation of the degree of blackening on photographic 
film is often used for the determination of total dose, but 


The effect on the 
measured dose of 
an observer close 
to the instrument 
(Fig. 7) 














measurements with the 
observer ata distance 
-_----— measurements with the observer in 
close proximity to the instrument 
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the most popular instrument for this type of measurement 
is the quartz-fibre dosimeter. This comprises a small ion- 
ization chamber to the inner electrode of which is attached 
a small gilded quartz fibre in the form of a hair-pin move- 
ment. When the instrument is charged the quartz-fibre 
movement takes up some standard position corresponding 
to the zero of the scale observed with the optical system 
incorporated in the instrument. Exposure of the instrument 
to radiation causes the charge to leak away with a con- 
sequent change in the deflection of the quartz-fibre move- 
ment, so that the change of deflexion at any time gives a 
measure of the dose received. 

Suppose that V, initial potential difference across 
chamber in volts, V. potential difference across cham- 
ber after exposure also in volts, C electrical capacitance 
of chamber in farads, V air volume of chamber in cm*. 
Then it follows that the initial charge stored in the system 

CV, coulombs. The loss of charge after exposure will 
be CV, CV. C(V V..) coulombs. Hence the dose 
received will be xX CH, V.)/V roentgens. 

Instruments of this type can be made very compact and 
often are similar in size and shape to a fountain pen and 
so can be carried conveniently in the pocket. Several 
designs (/4, /5) are illustrated in Fig. 8. Figure 8 (a) is 
the simplest form with a removable end cap for charging 
purposes. One of the difficulties with this simple form of 
instrument is that the quality of insulation may deteriorate 
during use on account of the insulator becoming con- 
taminated with dust, moisture, etc.. during the time the 
end cap is removed. This difficulty is avoided to some 
extent in the designs illustrated in Fig. 8 (+) and (c). In 
the former design two insulators are employed, the main 
one carrying the inner electrode of the ionization chamber 
and the second one a spring-loaded connexion piece which 
is pressed in contact with the electrode only during the 
instant of charging. With this system the low-leakage 
characteristics of the instrument are much easier to main- 
tain throughout use. The method illustrated in Fig. 8 (c) 
uses a flexible diaphragm, has the merit of being some- 
what simpler, but has been found to be less satisfactory 
mechanically. Fig. 8 (d) illustrates another method in 
which electrical connexion with the inner electrode is made 
by magnetic means. It is also possible to incorporate in 
the dosimeter its own frictional charger. This system is 
illustrated in Fig. 8 (e). 


Various fountain-pen type personnel monitors (Fig. 8) 
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Two types of personnel monitor. (a) can be worn as 
watch, and (b) fits on a finger (Fig. 9) 

The fountain-pen type of instrument is very pop lar, but 
there are other types which have special advar. ages jn 
certain circumstances. Two such designs are shown Fig. 4 
With such a small instrument charging becomes . prob 
lem. The method adopted in this design is to em >loy the 
corona discharge from a sharp point to transfer th. charg: 
to the highly insulated electrode system. In both cases j 
is possible to incorporate in the chamber wall a thin 
window to permit the entry of beta-particles into tiie sensi 
tive volume. It is thus possible to measure the beta dose 
as well as the gamma dose with this class of dosimeter. 

When reading quartz-fibre dosimeters it is necessary to 
hold the instrument up to a source of light. For some 
purposes this is inconvenient and a meter deflecting in 
strument is required. It is then necessary to replace the 
quartz-fibre electrometer with a thermionic valve circuit 
Many instruments of this type are employed in labora 
tories and workshops where it is satisfactory to monitor 
the radiation dose received at one location as representa 
tive of that received by a group of workers. 

In this class of instrument (/6) a capacitor C replaces 
the load resistor R, of Figs. | and 4. Then V fldt/¢ 
A dose of one roentgen will by definition produce 2:08 x10 
ion pairs/cm* at NTP in air so that 

V 3:3 & 10°1° & dose X volume/C. 
It will be appreciated that a switch is needed to discharge 
the capacitor after making a measurement. The capacitor 
(and associated ionization chamber) is normally isolated 
from the measuring circuit and connected only when a 
reading is taken. 

In some cases it is necessary to measure the radiation 
dose over an extended range. This is usually accomplished 
by stepping a digital register every time the capacitor 
charge reaches a level equivalent to an appropriate unit 
of dose, simultaneously discharging the capacitor. 
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Correction 

In the first article of this series, NUCLEAR POWER, April, p. 148, the 

second column of item 3 in the table should read * Monitoring 0! 

air in reactor buildings and general site area ’. In Fig. 1 the shading 

implies that the monitors at various points are portable, they are 

in fact installed instruments. 
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A graphical method of computing total gamma power 
output and total beta plus gamma power output is outlined 


U-235 fission product decay energy 


by I. J. MACBEAN, B.Sc. Atomic Energy Establishment,Winfrith 


SUPPOSE THAT a large number of U-235 atoms undergo 
fission simultaneously through thermal neutron bombard- 
ment. and consider the energy radiated subsequently 
through electrons or gamma emission from the radioactive 
fission-products and their descendants. 
g(t) MeV/fiss.s and b(t) MeV/fiss.s respectively denote 
the average gamma and beta power outputs per fission 
at time ¢ after the fissions took place. 


S tr 
G(t) = f g(t)dt MeV/fiss and B(t)= f b(t)dt MeV /fiss 


may be respectively interpreted as the average gamma- 
energy and beta-energy residues which will be released 
subsequent to time f. 

Alternatively, f. G(t) MeV/s and f. B(t) MeV/s are the 

gamma and beta power outputs respectively at time 1 

after the cessation of an infinitely long continued irra- 

diation at the steady rate f fiss/s. 

m(t) = g(t) + b(t) and M(t) = G(t) + B(t) 

v(t) MeV/fiss.s is defined as the average power carried 

away by neutrinos at time f¢ after simultaneous fissions. 

During the operation of a reactor each fission leads to 
the formation of two fission-product atoms of intermediate 
mass. These are generally highly unstable and they decay 
through a chain of radioactive descendants with the emis- 
sion of electrons, neutrinos, and gamma rays until a stable 
isobar terminating the chain is formed. 

The electrons are mostly absorbed in the material close 
to their source and cause local heating. Although the 
gamma rays are much more penetrating, they are absorbed 
mainly in the materials composing the interior of the 
reactor, and especially in the fuel, their energy being con- 
verted to heat. Since neutrinos have extremely weak inter- 
actions with matter, the majority will escape into the 
cosmos, a few being absorbed in the earth’s interior. 


Fig. 1 Gamma energy residue G(t), from t Is tot 10° s 
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Of the total heat output of a reactor during steady 
operation, about 6% is due to the absorption of the radia- 
tion from fission-products. The evolution of heat from 
fission-product radioactivity continues after reactor shut- 
down. but diminishes by about one decade during the first 
day (Fig. 3). 

With a power reactor, fission-product heat evolution is 
quite substantial and necessitates the maintenance of ade- 
quate cooling for a long time after shut-down. In addi- 
tion, fission-products may constitute a biological hazard 
should they escape from the reactor system. 

The composition of mixed fission-products is somewhat 
changed in a high-flux reactor as a result of transmuta- 
tions induced by neutron capture, but this has little effect 
on the power outputs g(r) and b(r) of the aggregate, except 
perhaps at long cooling times ¢, when only a few individual 
fission-products contribute. Blomeke and Todd (/) have 
calculated these effects, but they have neglected neutron 
capture in the many isotopes for which the capture cross- 
sections are unknown. 


Gamma energy release 

If the disintegration data of all radioactive fission-pro- 
ducts were known, the average gamma power output g(f) 
could be calculated by summing the radiations from all 
the fission-products produced during any period of irra- 
diation. However, for many of the shorter lived fission- 
products, the detailed branching of the decay schemes is 
unknown. At long decay times, their contribution to the 
radiation from the gross fission-product mixture is negli- 
gible, so that for decay times ¢>4 day, earlier calcula- 
tions of the gamma power such as those by Blomeke and 
Todd (/), Howlett et al. (2) and Burris and Dillon (3), are 
still quite reliable. 

The recent calculations by Perkins and King (4), using 


Fig. 2 Gamma energy residue G(t), fromt = 105 stot = 108s 
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Fig. 3 Total absorbable energy residue M(t), from t = 10° s 
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the most recent nuclear data, evaluate g(t) reliably over 
the interval ¢ = 10's to t= 6 X 10's. Their genetic equa- 
tions are inexact, but they claim that the resulting errors 
are trivial. Where information on a decay scheme was 
lacking, they made theoretical estimates which are prob- 
ably adequate for the calculation of m(?), but the separa- 
tion of beta and gamma powers is unreliable at time f 
less than an hour. Perkins and King ignored fission-pro- 
ducts whose half-lives are < 1 min and those whose half- 
lives are unknown, so that their calculations are unreliable 
at times ¢ of less than a few minutes. 

Blomeke and Todd (/) used rather older nuclear data 
for their elaborate calculations. Moreover, they assumed 
that all the nuclides for which the decay schemes were 
completely undetermined experimentally were 100% beta 
emitters, ignoring possible beta-gamma branching. In con- 
sequence, m(f) and more particularly g(t) are underestimated 
at times ¢ less than a few hours. 

The calculations of Burris and Dillon are for fast fis- 
sion of U-235, and the chain yields used are somewhat 
different from those for thermal fission. Their results are 
represented by crude, semi-empirical formule and are 
unreliable for cooling times ¢ of less than 2 or 3 hours. 

For short times after fission (1s to +h) we must rely 
on direct experimental observation of the gamma emis- 
sion rates from mixed fission-products. The only reliable 
experimental data are those of Maienschein (5) and 
Zobel (6). These data were obtained using three experi- 
mental techniques, so that several distinct estimates of the 
gamma power output are possible. 

The function g(t) calculated from the experimental 
observations in the interval t= 1s to t = 1-6 & 10*s was 
smoothed into the function g(t) calculated by Perkins and 
King (4) from t = 10° s to t = 6 X 107 s. G(t) was obtained 
by integrating this composite curve and by adding the 
small contribution for t>6 X 107s which is obtained 
sufficiently accurately from the somewhat older calcula- 
tions of Howlett ef al. (2). Finally, to estimate the total 
gamma-energy residue from t= 0, it was necessary to 
make a small extrapolation over the range t < 1 s. 

The results of the calculations indicate that the average 
gamma energy residue subsequent to fission is 7°0 MeV 
fiss with an uncertainty of about | MeV /fiss. Figures 1 
and 2 indicate the gamma energy residue G(f) as a func- 
tion of the time ¢ after fission. 


Beta energy release 

No direct experimental data are available for b(t) or 
B(t) for mixed fission-products. However, calorimetric 
measurements of M(t) have been reported by Untermyer 
and Weills (7) and by Day and Cannon (8). The latter 
measurements have been corrected by Stehn and Clancy 
(9) for the energy carried away by gamma radiation which 
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escapes absorption, and for the heat generate: by the 
decay of U-239 and Np-239. 
The average beta-energy emission rate b(t) has — <en cal. 


culated by Perkins and King (4) in the interval 1025 
to t = 8 X 107s. The energy residue B(t) can be _ btained 
by integration and by adding the contribu )n_ for 
t >8 X107s from Howlett ef al. (2). 


Figure 3 is a plot of the total absorbable ene :y M(1) 
as a function of the time ¢ after fission, for the interval 
t 102s to t 10° s. It shows the excellent a: :eement 


between the corrected measurements of Day and C2 ‘non (9) 
and the calculations of Perkins and King (4), whic! extends 
down to the shortest times f 1h for which the . \easure 


ments were made. Taken in conjunction with com- 
parison of Fig. 1, it appears that these author: under. 
estimate g(f) and overestimate b(t) for ¢< 10 This 
would imply that v(t) is overestimated so that bi ) + g(t) 


itself is likely to be slightly underestimated at sho:: times 


Average total decay energy of fission products 

The total energy from the decay of a chain oi 
products can be estimated from the difference between 
the exact ground-state masses of the initial and fina! mem- 
bers of the chain. The initial member is nearly always 
highly unstable and hence short-lived, so that its mass 
can only be determined by a rather crude, semi-empirical 
calculation. This was the basis of the early calculations by 
Way and Wigner (/0). 

A calculation using more sophisticated mass estimaies 
(/7), in which allowance is made for the effects of nuclear 
shell closure, and recent data on chain yields and inde 
pendent yields leads to a result for the average energy per 
fission evolved through fission-product decay, which is 

E = 21:15 + 0:35 MeV 

The uncertainty quoted accounts only for the difference 
between two independent estimates of the fission-product 
masses and makes no allowance for systematic uncertain- 
ties, which are unlikely to exceed 2 MeV. This result is 
surprisingly close to the much earlier estimate by Way 
and Wigner (/0) namely 21:5 + 3 MeV/fiss. 


Nssion 


Some conclusions 

The total gamma-energy release, G(o), subsequent to 
fission was found to be 7-0 +1 MeV/fiss. That leaves 
14:1, + 2:3 MeV/fiss which is carried off by beta and 
neutrino radiations. The neutrino, which has zero rest mass, 
will certainly carry off rather more than half of this energy ; 
(60 + 3) is a reasonable estimate since most of the 
energy will come from the energetic short-lived transitions. 

We may expect that the average total decay energy is 
divided approximately as follows: gamma radiation, G(0) 
70 + 1 MeV/fiss ; beta radiation, B(o) 5-7 + 1-0 MeV/fiss; 
neutrino radiation 8-5 + 1-4 MeV/fiss, so the average 
total absorbable energy, M(o) is 12:7 + 1-3 MeV/fiss. 


Use of the graphs 

Given the irradiation time J and the decay time f in 
seconds, it is simple to compute the following quantities (2). 
Gamma power output For the total gamma power out- 
put of the gross fission-products, compute the function 

G(t) — Gd + 4 
G(/, t) = — - 7 —— MeV/fiss. s 

using Fig. 1 or Fig. 2. This relation is valid for a uniform 
fission rate during irradiation. 
Beta plus gamma power output Similarly for the total 
beta plus gamma power output compute the function 


M(t) — M(I + 2) 
M(/, ft) oe cence, MeV /fiss. s 


using Fig. 3. 
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The bi wer output alone is simply 
f) M(/, t) — GU, t) MeV /fiss. s 

The t 1ergy release from fission in a thermal reac- 
tor is at 00 MeV /fiss. Hence, after a period of steady 
irradiatic in energy output from fission-products of 
1 MeV /t ay also be written as 

0-005 watt fiss prod. power/watt reactor power, 

where the wer production in numerator and denominator 
relates t same unit of fuel. 

Details the calculations and a full bibliography are 
contained in (/2). 





Instrumentation 


The measurement 
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Problems which arise in field instrumentation for dose 
measurement are surveyed and several tentative sugges- 
tions are made to extend the range of existing techniques 


of neutron dose 


by ARNOLD CLARE, B.Sc., Electronics Division, AERE, Harwell 


THE LIMITATIONS of some techniques for measuring 
neutron doses can probably best be appreciated from a 
familiarity with the factors which determine the maximum 
permissible flux (m.p.f.). Also it is convenient to split 
the neutron energy into three ranges (a) slow (thermal to 
about 10 keV), (b) fast (10 keV to abont 30 MeV), and 
(c) high energy (above 30 MeV). 


Derivation of the m.p.f. 

In the absence of direct quantitative experience of 
neutron irradiation of man the m.p.f. is determined by the 
product of the energy absorption by unit mass of tissue 
and the relative biological effectiveness (r.b.e.). The energy 
absorption arises from either inelastic collisions (including 
absorption) or elastic collisions. For instance in the slow 
region the inelastic collisions hydrogen-1(n,y\hydrogen-2 
and nitrogen-14(n,p)carbon-14 predominate, while in the 
fast region elastic collisions with hydrogen are most im- 
portant. The dimensions of the human body are large 
compared to the neutron mean free path so the effect of 
the back-scattered flux is important. Therefore in the cal- 
culations (/-5) the body is replaced by a semi-infinite 
phantom of the same chemical composition as soft tissue 
(by weight H 10%; C 12%; N 3%; O 74%). The r.b.e.’s 
for different ionizing particles are given by the I.C.R.P. (6); 
however the contribution from each type of particle varies 
with depth beneath the surface so the values of the r.b.e. 
given in Table 1 refer to the position where the rem 
dose is a maximum. Table I also shows the m.p.f. for occu- 
pational exposure (maximal dose in body 300 mrem in 
40 h). 

These fluxes refer to the undisturbed radiation field and 


TABLE | Values of the r.b.e. referred to the position where 
the rem dose is a maximum 





NEUTRON ENERGY m.p.f. r.b.e. 
thermal 2000 2:8 
10 eV 2000 no information 
100 eV 1550 2:2 
S keV 1700 2-4 
0-02 Me\ 850 5 
0-1 MeV 200 9 
0-5 MeV 80 10 
1:0 MeV 60 10 
2:0 MeV 40 10 
3 to 10 MeV 30 10 to 11 
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are taken to hold irrespective of the direction in which 
the neutrons are incident on the body. Some, only, of these 
values have been officially recommended (6). There are no 
official recommendations above 10 MeV. 


Tissue equivalent methods 

The energy absorption in tissue may be derived from 
the current in tissue equivalent chambers. To maintain 
tissue equivalence over all neutron interactions then the 
chemical composition of the chamber must be the same as 
soft tissue. For fast neutrons only, polythene is a suitable 
material. In addition one tries to simulate the irradiation 
geometry of the body by using phantoms or applying a 
numerical correction for the back-scattered flux. Such mea- 
surements can, in principle, be made in any energy range, 
but for slow neutrons there are practical difficulties 
because of sharp changes in the spatial distribution of the 
energy absorption. To measure the dose the r.b.e. must 
be known and adequate prior knowledge of the neutron 
spectrum seldom exists for one to choose the correct r.b.e. 
from Table 1. The y quanta, which always accompany 
neutrons, also affect the r.b.e. and their presence is allowed 
for by using a second chamber of different neutron to 
gamma sensitivity. The difference between the currents of 
the two chambers is then a measure of the neutron dose. 
The significance of such a difference method is sensitive to 
the precision of the compensation, particularly in the fast 
region, where for a given rem dose of neutrons the current 
in the tissue equivalent chamber is only about 1/10 of that 
due to an equal dose of quanta. Thus the problem with 
current measurements is one of deciding the appropriate 
r.b.e. 

In two instances operation in the proportional region 
helps to reduce the ambiguity. The first (7) eliminates the 
y sensitivity by biasing off the small y pulses and then in 
fast neutron irradiation measures the energy absorption 
from recoil protons for which an r.b.e. of 10 is taken. The 
second (8) uses a spherical counter in which the path 
lengths are such that from the pulse spectrum one can 
deduce the incremental energy absorption and the specific 
ionization with which that increment occurs. It has been 
demonstrated for fast neutrons. Extension to other neutron 
energies when ionizing particles other than protons con- 
tribute to the dose has not yet been demonstrated, but 
it offers the possibility of providing semiquantitative in- 
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formation about the r.b.e. without invoking knowledge of 
the composition of the radiation field. As such it is a 
powerful technique 


Controlled sensitivity 


This is the second class of dose measurement in which 
the sensitivity is made inversely proportional to the m.p.f. 
This method tends to offer a simpler and more direct 
reading type of instrument. It has the disadvantage that a 
given instrument only maintains an adequate degree of 
proportionality over a limited energy range, so in a wide 
spectrum one is faced with the difficulty of using several 
detectors with overlapping energy ranges. 


Slow neutrons 


Table 1 indicates that a desirable detector should have 
a constant sensitivity; progress in this direction may be 
judged with the help of the following tentative suggestions. 

First thermal neutrons. A thin *1/v’ detector gives a 
response proportional to the neutron density. Thus the 
dose calibration is temperature sensitive to the extent that 
if the detector is calibrated in a known flux at temperature 
T,’K and then used in a flux at a higher temperature 
T. K the dose will be underestimated by (T./T7,)! since 
the dose is proportional to the number of neutrons enter- 
ing the body. A reaction which is almost equally efficient 
for thermal neutrons of all velocities is capture in cad- 
mium. Also, if the cadmium is sufficiently thick to capture 
all the neutrons, then the capture y data (9) shows that a 
sheet exposed to a | rem beam of thermal neutrons, will 
emit in a given 27, approximately | rem of y quanta. Thus 
the possibility exists that a y dosimeter shrouded in cad- 
mium would measure the thermal neutron and extraneous 
y dose correctly. 

In the epicadmium region energy selective measurements 
are extremely difficult. A reaction which approximates to 
the ideal is fission of U-235 after some of the neutrons 
have been absorbed in | g/cm? of pure B-10 (Fig. 1). A 
useful instrument would be a fission chamber using this 
reaction. A dose interpretation in a wide spectrum would 
involve a fast neutron dosimeter since the cross-section 
extends to the MeV region. 

The fission reaction has a threshold of 100eV. Mea- 
surements (/0) between 100eV and the cadmium cut-off 
energy depend upon choosing an isotope which has one 
predominant activation resonance in this region and assum- 
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Fig. 1 Fission cross-section after neutron absorption in B-10 


ing that the induced activity is entirely due to this one 
resonance, then the differential distribution of the neutrons 
at the resonance energy may be found. The dose is 
derived by using several materials to plot a coarse 
spectrum. 
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Fast neutrons 

Non-directional recoil proton proportional count ‘5 have 
been demonstrated (//, /2). The lowest neutron ¢: ergy jg 
determined by the bias energy which cannot be dc: reaseq 
below about 0-1 MeV without undue sensitivi to 


quanta. The highest energy at which the counte ; have 
been shown to be adequate is 14 MeV. The respons. above 
14 MeV is difficult to predict because of competi ¢g pro. 
cesses but the sensitivity will probably fall bel: w that 
demanded by the dose. There will be no sharp cut-: f. The 
efficiency of the proton radiators is limited, so th~ sensi. 
tivity is determined by the projected area of the ¢ 5unter 
Nuclear emulsions are also used in this region (/ 


High energy 

Radiological measurements around high energy accelera- 
tors is a subject in which relatively little experience exists 
Difficulties may be anticipated from the fact that when a 
beam of high energy neutrons (or protons) traverses 4 
shield the composition (in terms of energy and types of 
particles) of the emerging beam depends on the shield 
thickness. This would seem to indicate the technique (8) 
which is least dependent on prior knowledge of the radia- 
tion. Adequately safe measurements would be obtained 
from tissue equivalent chambers in a phantom using an 
r.b.e. of 10. At AERE the carbon-12(n2n)carbon-!! and 
carbon-12(ppn)carbon-11 reactions have been used to mea- 
sure small fluxes of nucleons (/4). 


Pulsed sources and criticality 

Many techniques involve gaseous detectors employing 
charge collection and reservation should be maintained 
regarding their use with intermittent radiation of high 
peak intensity. In pulse counters the shortest permissible 
time between events is determined by the rise time of the 
leading edge at the collection electrode. In practice the 
time may be longer due to recovery time in the recording 
circuits. It is not possible to generalize and each case 
should be treated individually. The analogous problem in 
the case of current measurements is one of recombinat- 
tion (/5). Probably the best overall check against mal- 
functioning of this kind is to note whether, for a given 
duty cycle, the response is proportional to machine output. 

If the detectors are thereby shown to be unusable the 
only technique which has been demonstrated is that of 
threshold reactions (/6, /7). The object is to construct a 
neutron histogram by spacing the thresholds. A_funda- 
mental difficulty is, that due to the shape of the activation 
cross-section, the neutron spectrum enters explicitly into 
the determination of the effective cross-section. The least 
ambiguity probably arises when an intuitive guess at the 
spectrum is duly modified to maintain consistency between 
the observed reaction rates. Other features to be noted are 
the very low sensitivity, and the precautions against inter- 
fering reactions. Many points in this article are covered 
in greater detail in (/8). 
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en on nuclear power projects had, I esti- belonging to the community and also moon and Mars. He also foresaw no 
re mated, a chat of about 1S minutes to find a job for the head of the intrinsic obstacle to building mobile 
r- with the Duke of Edinburgh when family, possibly in some non-secret power stations which could be ‘ flown’ 
ed they were presented at the company’s capacity, at Harwell. It seems likely to these points. 
film show and cocktail party at Gros- too, that the AEA will help with some Another aspect Dr. Spinard touched 
venor House. Introductions had been parts of the plan. upon was a ‘nuclear machine gun’. 
perlormed by the company chairman, This was to be a reactor which would 
eFownd Thompan Ths to mM LIKED the way Lord Hab han ge rowel pes and be wed fr 
‘ i rete stamped on the traditional ploy of the propulsion of space ships or trig- 
seat Res a ae cartoonists and humourists- the im- gering-off chemical reactions on earth. 
pling what Satins el practical, absent-minded _ professor ye 
the saab oie ok tite + la ng which has tended to be accepted as ONE of those doubtful distinctions has 
dustrial equipment. general by many. My notes of his fallen on the county of Cardigan- 
’ speech at the Royal Institution of shire. I see that the second report of 
Naval Architects’ annual dinner show the Agricultural Research Council's 
CANADIAN URANIUM MINERS have that it was not only the general public radiological laboratory dealing with 
been looking wistfully at the 1959 pro- that held this view, for Lord Hailsham strontium fallout places the county first 
. ht of £43,750,000 announced by Mary quoted Sir James Graham, First Sea in areas of the country which are sub- 
7 Kathleen Uranium. This, Australian Lord in 1832 and 1854 as saying there ject to the highest levels of fallout. 
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’ PROGRESS IN INDUSTRY 


Beryllium fabrication in the UK 


Because of the extreme difficulty in 
extracting beryllium from the ore and 
in refining it, the metal has been avail- 
able only in small amounts since 1945. 
Four firms are now actively engaged in 
the production and fabrication of the 
metal on an industrial scale and facili- 
ties for the development of fabrication 
techniques and for testing beryllium 
are available at three UKAEA estab- 
lishments. A fourth facility, which is to 
be used for the production of fuel ele- 
ments, is being commissioned. 

The UKAEA effort has therefore 
been devoted to many practical and 
theoretical problems. A wide range of 
production, fabrication and welding 
techniques were examined and assessed 
followed by the development of arc 
melting, electron beam melting and 
new sintering methods. Specific pro- 
cesses such as the extrusion of fine 
bore tubing to close dimensional toler 
ances were then exploited. Apart from 
fabrication, it was necessary to look 
into the effects of irradiation on the 
physical, chemical, mechanical and 
metallurgical characteristics of the 
metal. 

The effect of impurities on the pro- 
perties of beryllium coupled with the 
development of new techniques for 
the production of ultra-pure metal 
were also studied. Another very im 
portant factor examined was _ the 
mechanism of deformation of the 
metal and the preferred orientation of 
the deformed metal. This has neces- 
sarily included heat treatment studies, 
aimed at improving an understanding 
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first large-scale production 


of the brittle nature of the metal and 
ultimately to increase creep ductility. 


Beryllium machining 

Apart from the fabrication difficulty 
caused by brittleness, whilst the beryl- 
lium is not in itself dangerous, health 
hazards are created by the fine dust 
that is formed, especially during 


In machining opera- 
tions, each tool is 
completely enclosed 
in a glove-box and 
a secondary extrac- 
tion system re- 
moves all  swarf 
produced within. 


machining operations. The new 
Armstrong Whitworth Aircraft’s fac- 
tory at Coventry, which started opera- 
tions in February, is the first large 
plant of its kind in Britain for machin- 
ing beryllium, and it has been equipped 
to cater for the problems created. 
The initial output of AGR com- 
ponents will be 200 fuel element end 
caps per hour in addition to the weekly 
production of 20 thermocouple ele- 
ments and 200 element support plates. 

The factory which covers nearly 


In this glove-box 
lathe operations are 
being carried out. 
Beryllium compo- 
nents are removed 
through a_ water 
trap to limit trans- 
port of swarf. 


r % 
te 


C ud 





20,000 ft? is divided interna y jnto 
contact areas, where the bers ium js 
being machined or handled a { toxic 
hazards have to be prevent |. The 
contact area is contained in pres. 
sure shell supplied with filte -d and 
heated air that is changed eve y three 
minutes. Air for heating and -entila. 
tion enters an induction syster where 
it is preheated and filtered to 4 nicron 
The air extraction system inco- »orates 
Vokes absolute filters which € ‘sure a 
cleanliness of + micron before ‘he air 
is finally released to the atm sphere 
through a 125 ft high ventilatin» shaft 
Machining processes are carried out 
inside completely enclosed machines 
and the separate extraction stems 
working at an air velocity of S00 ft 


- 
2 
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min remove all swarf and dust at the 
point of cutting. Swarf is separated 
out by cyclones and recovered for 
reprocessing into raw material, after 
being carefully examined for con 
tamination. 

The top limit set for air contamina- 
tion is 2microgrammes per cubic 
centimetre. Until it is found that moni- 
toring results are entirely satisfactory, 
in the earlier days of cutting beryl- 
lium, all operators will wear pressure 
suits, to be followed later by face 
masks, and finally specially designed 
clothing. 


Plotting magnetic fields 


cyclotron evaluation 


A magnetic field plotting system 
for evaluating the detailed perform- 
ance of a cyclotron before it is built 
has been developed and placed in 
operation at the US Oak Ridge 
National Laboratory, which is oper 
ated for the AEC by Union Carbide 
Corporation. It has cut the time for a 
given magnetic field configuration to 
about 36 hours. The apparatus con- 
sists of a well-coordinated mechanical 
and electronic system which automa- 
tically programmes and positions a 
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PROGRESS IN INDUSTRY 
that provides a voltage 


into small pri ; ket ; and the ‘hand’ a car-type croco- ning heads, designed by _ Elliott 
Mm is signal directly proportional to the — dile grip. Nucleonics will be interchangeable 
Oxic strength he magnetic field. The Whilst it was found that the patient with the control rod mechanisms, using 
The accuracy ie probe, a thin wafer of — could not exert a force of more than the same standpipe closure and seal 
pres: semi-conducting material measuring 2 lb, the equipment required a 214 Ib plug. A two-wire system permits the 
and 1, jn? are further enhanced by the force to operate. The problem was wires to be used alternatively. This is 
hree use of a wly developed compen- overcome by spraying two coats of necessary since it takes about one 
tila. sating ne rk that minimizes the Acheson resin-bonded dispersion of week for the activity of the irradiated 
here effect of teviperature variations during p.t.f.e., “Emralon’ 820, on all inner wire to decay to less than 1% before 
TON the measurements. cables and the sliding surfaces of the it can be used again. The period of 
rates An earlier way of evaluating and foot control. The force required to waiting is thus reduced to three or 
Te a correcting magnetic field was _to operate the mechanism was then re- four days. 

> air choose the best known magnet design duced from an average of 3 1b down Each flux scanning head uses two 
here and then, by actual operation of the to 2 Ib. identical winding units comprising a 
aft completed cvclotron, trace the paths winding drum driven by an a.c. induc- 
Out of ions outward from the centre. Trawsfynydd flux scanning tion motor with limit and signalling 
ines Wherever the ions became lost, a mag- ‘ switches operated by gear trains and 
ms net was tailored by grinding or patch- two-wire system cams. The winding drums which are 
tt ing until an acceptable performance Neutron flux distribution in the 





was obtained. Recent methods of field 
measurement and orbit computing 
greatly simplified the problem but it 
was still a very slow process for com- 
plex fields such as those used in the 
Oak Ridge Isochronous Cyclotron 
now under construction. 


Radioactive go-devils 


lead pot screening 
An ingenious solution to the problem 
of handling go-devils containing radio- 
active sources has been developed by 
Mr. S. Jefferson and Mr. J. C. Daglish 


Trawsfynydd reactors will be measured 
by irradiated tungsten wire placed in- 
side a sealed standpipe. The flux scan- 


two feet in circumference and approxi- 
mately lj}in. wide are _ helically 
grooved to accommodate 80 feet of 
the tungsten wire. 


High temperature gas circuit units 


Under contract to the AEA some 
interesting equipment is being manu- 
factured by the de Havilland Engine 
Company for the primary gas circuit 
of the zero energy Hero reactor. 


CO, blowers for Hero 


tor vessel by short annular ducts. Gas 
flowing from the reactor, passes 
through the outer annulus of the con- 
necting duct, through the isolating 
valve and then into the regenerator 


In order to simulate the actual 
operating conditions of AGR_= as 


tubes. The gas is partly cooled by 


F the Atomic Energy Authority and Jia 
ad hedge: yd ri transferring some of the heat to the 


is now patented. Quite simply, the 
invention provides adequate screening 
































the by incorporating a lead pot into the ° 3 4 
ted go-devil and ensuring that by means 
rt of a pressure-sensitive device the Ss os fr 
fter radioactive source will stay inside the fy Re cae \ *~ : N 
a pot under normal atmospheric pres- At IM et? Deny 

sure and will only be pushed out of x | = 
-” its container when the latter is sub- , i \ WM M1 CCEBEE Wiel | 
bic jected to pressure from a liquid or ‘ . TUF Ss) = ; 
“a gas in a pipeline. Should the go-devil § TR: a | 
sie have to be recovered, it would be , a, i , 
aa. sufficient to reduce the pressure in the Hl I “i 4 Se | il 
oe line for the source to return to a safe ea | - i —— 
vent position. lhe apparatus should be par- LS —F ed p 
ned ticularly useful for clearing pipelines ae ee 8 

where thick sludges occur. 6 7 

Low cost remote handling Cutaway drawing of one of the Hero primary gas circuit units showing main 

components 
reduced force by p.t.f.e. 1 CO: inlet duct; 2 COz outlet duct; 3 electric heater; 4 heat exchanger by-pass valve; 5 heat 

5n A novel application of remote hand- shield; 6 bellows assembly; 7 isolating valves; 8 heat exchanger; 9 cooler 

ling equipment together with the use 
em of p.t.f.e. dispersion has been devel- closely as possible, the core of Hero incoming gas stream and_ further 
m- oped for a pedal-operated mechanism will be heated by pumping carbon cooled to about 50-70°C by passing it 
ult for polio patients. Whilst the principle dioxide gas at a temperature of about through a water-cooled heat exchanger 
in of operation is similar to that of re- 500°C through the reactor by two situated upstream of the compressor 
Ige mote handling tongs, to cut the cost blower units, each with a capacity of inlet. The gas, after being raised in 
er from £1000 down to about £50, ex- 233 lb/min CO. at atmospheric pres- pressure by about 2:5lb/in? in the 
ide pensive servo-mechanisms and special sure. One of these is for bulk circula- compressor, flows in three passes 
ra machining operations were avoided tion, blowing the gas through the core across the outer surfaces of the tube 
to and components from standard equip- and back round the outside of the bank of the regenerator. It is then 
yn- ment used wherever possible. Thus the graphite stack; the other for selective brought back to operating temperature 
cal foot controls are connected to the eat- heating of the middle channels. by an electric heater unit of 450 kW 
1a- ing utensils by Bowden cables; the The two primary gas circuits are capacity before returning to the reac- 
a ‘femur’ is an angle-poise lamp brac- identical units connected to the reac- tor through the central duct. 
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Simplified drawing 
showing flow path 
Carbon dioxide gas from 
the outer annulus flows 
through isolating valve 
(7). is reduced to 50- 
70°C in heat exchanger 
(8), which is water 
cooled (9). It is then 
recirculated by gas cir- 
culator (11), reheated 
by electric heater (3) 
and returned to reactor. 
Other components 
shown: 1 isolating valve 
actuator; 2 ventilation 
hood; 4 heat exchanger 
by-pass valve; 5 con- 
tainment vessel; 6 heat 
terminals; 10 by-pass 
actuator; 12 circulator 
motor (water cooled) 


The problems introduced by hand- 
ling gases at high temperatures have 
therefore been overcome by cooling 
the gas prior to entering the com- 
pressor, and reheating it on the dis- 
charge side. The use of beryllium for 
canning the fuel and the toxicity of 


Electric smelting service 
350 kVA pilot furnace 


A pilot smelting furnace is now in 
operation at Birlec-Efco (Melting) 
Limited, to promote the development 
of electric smelting processes by 
accepting trial batches of customers’ 
raw materials for testing their amenity 
to electro-thermal reduction and for 
determining the most suitable smelt- 
ing technique and the nature of the 
resultant products. Information can be 
gained on power and electrode con- 
sumption, operating voltage and per- 
centage recovery. 

The furnace, with a shell of 8 ft 
internal diameter is surrounded by a 
charging platform at a height of 9 ft 
from the main floor level with the 
furnace controls suitably housed in a 
panel adjacent to the furnace opera- 
ting platform. With a nominal rating 
of 350 kVA, a wide range of voltage 
tappings have been provided enabling, 
as far as is practicable, the whole 
range of electric smelting applications 
to be covered. To determine the effect 
of shell rotation for different smelting 
operations, the shell can be rotated or 
oscillated in either direction at vary- 
ing speeds. 

Three tapholes are provided, the 
levels of which can be altered for slag 
and metal and they are served by a 
monorail beneath the platform, form- 
ing a loop surrounding the shell. 
Several thermocouples are built into 
the refractory lining to monitor the 
temperature of the hearth and side- 
walls at different points. 

The furnace is equipped with holders 
suitable for 8 in. diameter electrodes 
which can be amorphous carbon or 
graphite according to the requirements 
of the tests but smaller electrode 
holders can be fitted if necessary. The 
electrode clamps are arranged for re- 
mote control. 
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the finely divided form made it neces- 
sary to reduce leakage in the gas cir- 
cuit to negligible amounts and, the 
experience gained in the construction 
of the hermetically sealed circuits for 
the Pluto test loop was used to ad- 
vantage. 


Uranium brazing 


argon arc torch 
Metallurgy Division at AWRE has in- 
vented a brazing torch which uses an 
intense electric arc to heat a stream of 
inert gas, mainly argon, to very high 
temperatures. The torch is so designed 
that it produces a needle-like jet of 
intensely hot gas which blankets the 
surface under treatment and protects 
it from contaminant gases. The tem- 
perature of the * flame’ can be con- 
trolled by limiting the power input to 
the torch. 

Other work for which the torch can 
easily be adapted includes local heat 
treatment and stress relieving, soften- 
ing metals for bending and, in short, 
any process for which an oxygen gas 
torch would normally be used. The 
torch was originally designed for use 
in an argon-atmosphere glove-box but 
could equally well be used for work on 
such metals as zirconium, titanium and 
beryllium. The device could also be 
used to carry out accurate cutting of 
Stainless steel at high speeds. 


Control rod gear 


woven wire cable 
Cables and drums for control rods 
with their complicated and _ bulky 
traversing mechanisms will be done 
away with. Instead, a ‘ pancake’ wind- 
ing drum can be used in conjunc- 
tion with a ribbon of woven wire of 
nearly the same width—preferably a 
length of flattened tubular woven 
stainless steel wire braid. This ensures 
that lateral movement of the cable will 
be reduced to a minimum and full 
utilization of a winding volume which 
can be appreciably cut. A disadvan- 
tage is that such materials tend to 
stretch under load, but this is easily 
allowed for as the amount of stretch- 
ing for a given load is about constant. 


The equipment was develope« by M; 
L. Hack and Mr. F. O. Co 


UIN of 
the Atomic Energy Authorit 
Hinkley fuel charging 
servo-controlled posit oning 
Fuel charge machines for Hinkle 
Point weigh up to 155 tons; | ut their 
positioning has to be accur:te and 
their movement smooth. The Emp 
Co. has developed a control sy tem fo; 
the travel and traverse motio.: of the 
cranes that permits these heaw 
machines to move over the charge 
floor without any sudden mv vement 
The * Microsen ’ control is arranged t 
give 11 notches of graduated speeds 
controlled by a motor-operated servo 
controller. 

With the deadman’s handle de 
pressed, rotation to any notcli starts 
the operating motor which drives 


the master controller at a_predeter 
mined speed until it coincides with the 
position to which the handle has been 
turned, the contactors, controlling the 
travel and traverse motions being 
operated in the correct sequence, with 
smooth controlled acceleration. It js 
impossible to increase the acceleration 
above the predetermined limit, by any 
quick movement of the handle 
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The EMB motor-operated servo-con- 


troller allows accurate positioning of 
fuel charge machines 


The handle can be moved to any 
predetermined notch, reversed, oF 
moved to any other desired notch, 
the master controller following and 
cutting itself out when the desired 
position is reached. Both the master 
controller and the motor controlled 
circuit fingers are cam-operated ; the 
silver-faced contacts being spring 
applied and mechanically opened. 
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PROGRESS AT DRESDEN 

A progress report on the Dresden Boil- 
ing Water Power Plant (180,000 kWe) 
was present od to the 22nd Annual Meet- 
ine of the American Power Conference 
on 31 March, 1960, by J. J. Poer, Com- 
monwealth Edison Co. and V. D. Dixon, 
General Electric Company. 

While more fuel was being loaded after 
criticality, the progress report states, it 
was found that there was no effect on the 
reactivity of the reactor when three of 
the control rod drives were operated. 
Critical loading and testing were stopped 
and investigation showed that the poison 
blade had become disconnected from the 
drive mechanism because of shearing of 
the shear Loss of buffering action 
at the end of the scram strokes because 
of damaged seal rings and too rapid 
deceleration of the rod as it entered the 
buffering region are said to be the two 
the shearing. The dam- 
aged seals were replaced, modifications 


pins 


main causes of 


DRESDEN POWER-TEST PROGRAMME 


TEST PURPOSE 





Prepare for 
Startup 


Complete preoperational, 
initial-loading and low- 
level test programmes 

Determine core flow and 
system pressure-drop 
characteristics 

Test safety system and cap- 
ability of plant for safe 
Operation 

Start reactor and bring to 
temperature while provid- 

clear heating ing conditions for other 
tests 

Find k/k per °F and 
critical rod patterns vs. 
temperature 

Find near-optimum rod con- 
figuration for flux shap- 
ing 

Predict stability at next 
power step and as func- 
tion of void fraction 

Bring turbine to speed and 
set controls 

Determine response and 
stability of pressure regu- 
lator, turbine governor. 
and reactor (these con- 
Stitute the control loop) 

Determine plant stability at 
greater than rated voids 
in the core. Determine 
response and manoeuvr- 
ability of the dual cycle 

Part-to-full-load perform- 
ance, Btu/kWh and 
equipment - performance 
specification 


Recirculation 
pump 


Shutdown and 
Ssafet) 


Reach critica! 


and initial nu- 


Temperature co- 
efficient of 
reactivily 

Rod pattern 


Stability 


Turbine 


System 


igle- and 
we vele 


Plant 


performance 


System expan- Determine adequacy of ex- 
sion and pansion and vibration 
_vibratior provisions 
Xenon peak Obtain peak Xe value and 


high Xe concentration 


Startup information 


Radiation Determine adequacy of 

monitoring shielding and verify 
shielding calculations 

Water treatment Maintain specified water 


quality and conditions 
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made to the hydraulic system, and clear- 
ances of connecting linkages modified. 
After testing of the drive mechanism no 
further trouble has been noted. 

Tests with 320 elements were com- 
pleted in March and continued step-by- 
step loading will be carried out to the 
point where power testing should begin 


TURBINES FOR REACTORS 

A single-stage liquid-cooled turbine 
which has been operated at Pametrada 
at 2200°F (1200°C) was described in a 
paper read to the Royal Institution of 
Naval Architects by Pametrada’s direc- 
tor, Dr T. W. F. Brown, C.B.E., D.Sc., 
S.M. 

The paper, ‘A marine engineering re- 
view—past, present, and future’, says 
a great deal of experimental work is still 
required in relation to mechanical details, 
ability to burn residual fuels and lay- 
out of the component parts, particularly 
combustion chambers. However, it holds 
great promise in the future as already it 
has been shown that the mean metal tem- 
perature in the rotor blading is 700- 
800°F, the maximum local temperatures 
being 1000°F when operating in a gas 
stream at a temperature of 2200°F. The 
blade metal temperatures are actually 
lower than those in an uncooled gas tur- 
bine with an inlet temperature of 1250°F. 
The temperature at the rotor where the 
blades are supported is that of the cool- 
ing water, ie. not exceeding 140°F 
(60°C). Full strength can consequently be 
developed by the alloys used in blading, 
rotor, and other parts and no question 
of creep or life is involved at the parts 
of greatest stress. 

This turbine will be of especial use 
in high-temperature gas-cooled reactors 
either in a straight cycle or with a free- 
running gas-turbine circulator. 

Coolant fluids which could be used 
include helium, nitrogen, and carbon di- 
oxide. There is general agreement about 
optimum cycle conditions for these cool- 
ant fluids (which will be working fluids 
in the turbine if no heat exchanger is 
used) and that differences between the 
peak efficiencies are small. Since com- 
parisons should be based on constant 
maximum cycle pressure, a fluid having 
a small optimum pressure ratio such as 
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helium has an initial advantage in that 
the L.P. section of the circuit can be at 
a higher pressure. The relatively good 
heat transfer properties of helium re- 
duce the size of the heat transfer equip- 
ment relative to nitrogen and carbon 
dioxide. 


NUCLEAR PROCESS HEAT 
Following the issue of report ANL-6009, 
the AEC requested more information on 
the chosen reactor concept, PWR, to 
investigate the potential of aluminium- 
clad fuel elements for the production of 
low pressure 30 1b/in? a saturated steam. 
Consequently a modified design was 
presented in an addendum to ANL-6009 
and described fully by R. R. Rohde of 
the Argonne National Laboratory at the 
1959 Symposium on Low-temperature 
Nuclear Process Heat held at the AEC 
Headquarters building, Germantown, 
Maryland, October 1, 1959 (TID-7580). 
The diameter of the containment ves- 
sel has been reduced by more compact 
arrangement of the equipment and the 
steam generator moved below the floor 
to make the shield problem less acute. 
In the pressure vessel, water at 400°F 
enters at the centre, passes through the 








core, turns and goes downwards and 
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Fig. 2 30lb/in?a steam heat balance 


nozzle. One hundred fuel elements are 
fastened to the tube sheet type of end 
fitting to make a subassembly. Fuel is 
pelletized UO, with a radial gap of 2 mils 
for helium. Aluminium clad thickness is 
0-040, Zircaloy 0-017. Figure 1 gives the 
196 Ib/in? a steam case, the primary flow 
rate is 3,920,000 1lb/h of water at 400°F 
heated to 432°F. In the steam generator 
it drops to 400°F. Figure 2 gives the 
30 Ib/in2 a case, the primary flow is the 
same. Power output is 30°6 MW. 


New Reports 


Handbook of apparatus used in dosimetry, 
radiometry and electronics, counters, scin- 
tillation apparatus and Sg meng 
Trans. from Russian. 190 pp. Report J PRS- 
942-D. Available only from OTS $2:75. 


Direct conversion applied to nuclear heat 
sources. M. Barmat. Martin Co. June 1959. 


58 pp. Report AECU-4483. Available from 
OTS at $9-30 or depository library (on 
Microcard). 


Proceedings of a Conference on the Theore- 
tical aspects of controlled fusion a search, 
Gatlinburg, Tennesee, April 27-28, 1959. 
232 pp. Report TID-73 S82, Available from 
OTS at $3 or depository library. 


The fast multiplication effect of beryllium 
oxide in reactors. W. Hafele and M. Tsagaris. 
Oak Ridge National Laboratory. Dec. 1959. 
17 pp. Report ORNL-2849. Available from 
OTS at $1 or depository library. 
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BUSINESS NEWS 


GEC FURNACES FOR RISLEY The Gen- 
eral Electric Company Limited has re- 
ceived a further contract from the United 
Kingdom Atomic Energy Authority, 
Risley, for electric furnaces for use in 
the production of plutonium metal. This 
latest order covers reduction and fluorin- 
ation furnaces. The GEC in the past 
have supplied a total of two reduction 
and eight fluorination furnaces to the 
AEA, Risley. 

The fluorination furnace is rated at 
10kW and is of the horizontal front- 
loading type, complete with muffles. The 
inner surface of the muffles and doors 
are lined with platinum. A forced cool- 
ing system is incorporated to enable the 
charge to be cooled within a stipulated 
time 

The furnace for the reduction process 
is rated at SOkW. It is of a bell-type 
design and has a forced cooling system 
similar to the fluorination furnace. 

Electrical equipment being supplied 
includes regulating transformers, tem- 
perature control gear, and the necessary 
switchgear 


KANIGEN PLATING AGREEMENT The 
increasing use of Kanigen— the new 
chemical nickel phosphorus plating pro- 
cess operated in the UK by Albright & 
Wilson (Mfg.) Ltd.—is reflected in a re- 
cent agreement between General Ameri- 
can Transportation Corporation of Chi- 
cago, from whom A & W derive their 
British Commonwealth licences, and the 
Union Carbide Nuclear Company. Union 
Carbide Nuclear will in future be licen- 
sed to operate the Kanigen process at 
these two plants. 

Some months ago Albright & Wilson 
(Mfg.) made extensive alterations to their 
Oldbury, Birmingham, plating plant to 
cope with a greater and more varied 
range of companies. It is anticipated 
that the growing demand will force fur- 
ther extensions to existing capacity in 
the near future 


USSR ORDERS FERRANTI EQUIPMENT 
An order worth over £300,000 for high 
voltage testing equipment has _ been 
placed with Ferranti Ltd. by the USSR. 
The contract was negotiated through 
v/o Machino-import of Moscow and is 
the largest order for equipment of this 
type ever placed with a British manu- 
facturer 


ORDER FOR ELLIOTT NUCLEONICS 
Atomic Power Constructions Limited 
have given a letter of intent to Elliott 
Nucleonics Limited for the contract for 
reactor flux scanning equipment for the 
Trawsfynydd nuclear power station. The 
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equipment, 50 units plus spares, will be 
used to measure the neutron flux distri- 
bution. Delivery is scheduled for 1962-63. 

The system to be used at Trawsfynydd 
follows the method used at Calder Hall, 
with some modifications. For technical 
details see Progress in Industry this issue 


JOHN BROWN AND SOLARTRON The 
formation of a jointly-owned new com- 
pany, Solartron-John Brown Automation 
Limited, is announced by John Brown 
and Co. Ltd. and the Solartron Electronic 
Group Ltd. Its headquarters will be at 
CJB House, Eastbourne Terrace, London, 
W2. Main activity will be the design and 
manufacture of automation systems. 





Mr. C. G. F. Aldridge, chairman, Asso- 
ciation of Supervising Electrical Engin- 
eers, speaking at the opening of the 
ninth Electrical Engineers Exhibition, 
Earls Court. Over 460 exhibitors were 
represented at the show 


MULLARD ACCELERATOR FOR AEA 
A development contract for a mobile 
linear accelerator designed to take X-ray 
photographs of the welds in the pressure 
vessel of a nuclear power station has 
been placed by the UK Atomic Energy 
Authority with Mullard Equipment Ltd. 
The machine is expected to be opera- 
tional towards the end of the year. The 
contract results from investigations, com- 
missioned by the Authority. 


OVERSEAS 


MORE BRITISH FIRMS AT HANOVER A 
record number of British firms are ex- 
hibiting at the Hanover Trade Fair 
which ends on May 3 after ten days 
showing. Over 90 individual firms will 


have their products on view. One oj 
the most interesting exhibits is Ey 
Electronics Limited’s new por bdle cop 


tamination monitor. This carric — its ow 
battery supply and uses dual >hospho 
techniques for simultaneous nitoring 
of alpha and beta contamir tion o) 
laboratory benches and othe 
EMI are members of Electr« 
ponents Centre (GB) Ltd. 


urfaces 


Cc Con 


NUCLEAR FUELS WAREHOUS Ma 
linckrodt Nuclear Corporation ‘5 build. 
ing a new atomic fuels warehouse an 
an extension to its nuclear fuels researc} 
department at its Hematite, lissour 
plant. This will be the third expansio; 
since the plant was built in 1956 anc 
will replace space taken by growing re 
search and development activities 

The new warehouse will e onlh 
15% of its 80,000 cubic feet for actua 
uranium fuel storage. The remaining 
space is aisle and ‘air’ space. Howeve 
it has been specially designed to perm 
multiple layer storage of uranium-tille 
shipping-containers and utilize maximun 
possible space. 


NEWSBRIEFS 


New Company. British — Insulated 
Callender’s Cables Ltd., have formed : 
new company, Telcon Metals Limited 
The new company assumed responsibil 

for all activities of the Metals Divisio 
of the Telegraph Construction  an¢ 
Maintenance Company Ltd. from Apr 


AMF earnings, Earnings and revenues 
for 1959 by American Machine & 
Foundry Company were the highest in 
company history and are expected to be 
even higher in 1960. Net earnings were 
67°% and gross revenue 23% over 1958 
figures. 

AEC Patents. The US Atomic Energ) 
Commission has published a four page 
pamphlet ‘ USAEC Patents Available for 
Licensing’ (TID-4557-1lst Rev) which 
among other items, describes procedures 
for applying for patent licences. The 
AEC has also made available for public 
use 80 more patents owned by the 
Government, bringing to 2180 the num- 
ber released for licensing by the Com- 
mission. 

New Italian firm. Italatom of Milan has 
been formed by Montecatini, the Anglo- 
American Corporation of South Africa, 
Engelhard Industries and Mallinckrodt 
Chemical Works to manufacture natural 
depleted and enriched uranium and 
thorium compounds as well as uranium 
metals. 


Montecatini. Net profit in 1959 was 
14:3%, above that in 1958. 


Takeover. Petrolite Corporation 0! 
Missouri has acquired all the assets 
of Internuclear Company, Clayton 
Missouri, in exchange for stock. Petro- 
lite manufactures chemicals and equip- 
ment for the petroleum and allied indus- 
tries while Internuclear provides engin- 
eering and consultation services for the 
AEC and other nuclear organizations. 
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New Product Survey 


EQUIPMENT - INSTRUMENTS ° MATERIALS 


DUST CONTROL 

flexible filter system 
I ert’s Unimaster collects 
ype of dust produced by 


Dallow 


almost eve 


a wide rat of machines, thereby en- 
abling processes to be effectively con- 
trolled. This flexibility is made possible 
by a variation of fans and motors, filters 


and dust containers. Unimaster collectors 
can be used as small multiple connexion 


plants with runs of ducting attached. 
The filter element consists of individ- 
ual pads or envelopes mounted in a 
common frame sealed from the fan 
chamber. These pads are available in a 


variety of materials according to the dust 
being handled. The filter cleaning mech- 








The Unimaster dust controller. I— 

cleaned air outlet 2—filter cleaning 

mechanism 3—dust inlet 4—dust 
container 


anism consists of an { h.p. electric motor 
which transmits, by means of an eccen- 
tric, an oscillating movement to the in- 
serts within the filter pads or envelopes. 
These inserts consist of a flexible rust- 
proof mesh mounted within a_ rigid 
frame. The oscillating movement causes 
the mesh within the frame to move 
rapidly backwards and forwards and in- 


duces an air current in a reverse direc- 
tion through the filter fabric. This air 
current, allied with the oscillatory move- 


ment of the filter pads or envelopes. 


removes the accumulated dust on the 
filter fabric 


Tick No 208 on reply card 


HYDRAULIC DAMPERS 


easing reactors’ supports 
A range of hydraulic units have been 
introduced by Electro-Hydraulics which 
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have been designed for the protection of 
structures and relative components from 
the damaging effects of violent shock or 
vibration. These are particularly applic- 
able for damping severe shocks such as 
arise from earthquakes on the gas duct- 
ing of power stations or on the contain- 
ment vessels in nuclear propelled ships 
during bad weather. 

The unit consists of a cylinder, 
mounted in a vertical position, the closed 
end of which is formed with an integral 
forked lug for attachment purposes, and 
five bosses forming fluid connexions. 
Moving axially within the cylinder is a 
piston secured to a piston rod which 
passes through a diaphragm dividing the 
cylinder to form a reservoir and damper 
chamber. When the piston moves down 
the cylinder the fluid displaced passes 
through fluid connexions, the restrictor, 
and subsequently into the reservoir. The 
fluid from the reservoir will at the same 
time be drawn unrestricted through the 
inlet connexions into the damper. Move- 
ment of the piston in the opposite direc- 
tion reverses this flow sequence. While 
limiting the travel of the piston in the 
event of sudden movement, the one-way 
restrictors incorporated in the unit, offer 
negligible resistance during a slower 
movement. 

When mounted in an inaccessible posi- 
tion the unit can be recharged remotely. 
Longitudinal drillings in the piston rod 
permit the passage of fluid through non- 
return valves to both the upper and 
lower face of the piston during recharg- 
ing. Fluid is discharged via the reservoir 
and out at a fluid level connexion. A 
feature of the design is that recharging 
does not interfere with operation and 
that if the unit does operate while re- 
charging is in progress, high pressure 
from the damper is prevented from 
reaching the filling lines by non-return 
valves. 


Tick No 209 on reply card 


COOLING TOWERS 


new fill reduces size 

A completely new type of tower by 
Thermotank, weighing less than half as 
much as conventional towers of similar 
capacity, has several novel features in 
design and construction. The structure is 
fabricated from rolled steel sections. 
treated against corrosion. and the casing 
is of galvanized sheets, with side panels 
which can be removed for maintenance. 
The tower contains a top-mounted fan 
which draws the surrounding air up 
through it from the bottom. The fill is 
arranged across the inside of the tower 
with the channels disposed vertically, 


and the cooling air passes up through 
these channels. Water enters the tower at 
the top, and is distributed across the 
surface of the fill by a centrally-mounted 
rotating header pipe containing a num- 
ber of perforations along its length 
through which the water streams on to 
the fill. The perforations vary in size 
along the length of the header to ensure 
an even distribution of water. 

The fill which is made from alternate 
flat and corrugated sheets of a plastics- 
impregnated cellulose material has a 
high wettability and it is made up into 
rigid units which require only a very 
light supporting structure at the base. 

The water which passes down the walls 
of the channels in a thin, continuously- 
moving film ensures the maximum area 
of contact between the rising currents of 
air and the water, thus utilizing the vol- 
ume of fill to its greatest capacity. A 





The largest size Thermotank cooler is 


only 20ft X 12ft but takes 90,000 
gallons of water an hour 


catchment tray at the base of the tower 

collects the cooled water for return to 

the appliance in which it is required. 
Tick No 210 on reply card 


CONCRETE AGGREGATE 


heat resistant 
A new synthetic aggregate, Alag, for use 
with Ciment Fondu High Alumina 
Cement, results in concrete, with very 
good qualities of density, hardness and 
strength, in 24 hours. 

Lafarge’s Alag is dense, non-absorbent 
and extremely hard, with a hardness of 
7-0 to 7-5 mohs (between quartz and 
topaz) which will cut glass. It is also 
heat resistant, the concrete being able 
to withstand temperatures up to 1200°C. 
After 24 hours the compressive strength 
of the Alag concrete is 13,000 lb/in? 
compared with 75001b/in? for normal 
Ciment Fondu concrete (after 7 days 
Ciment Fondu/Alag concrete has a com- 
pressive strength of 16,000 lb/in*). This 
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strength is approximately maintained 
through a heat range of 600° to 1200°C, 
figures for the higher temperature being 
3800 Ib/in? compared with 2800 Ib/in? 
for ordinary refractory concrete. 

The density of Ciment Fondu/ Alag 
concrete is approximately 170 1b/ft® air- 
dried 

At elevated temperatures the amount 
of water which combines with Ciment 
Fondu and Alag necessitates about 1} to 
2 times more water for the resultant mix 
Portland 
cement. This high content of combined 
water, together with high density, make 


than is used with ordinary 


it eminently suitable for concrete shields 
in atomic energy plants 
Tick No 211 on reply card 


RADIOGRAPHIC INSPECTION 


portable unit for steel 
The Andrex range of portable X-ray 
units distributed by Watsons consists of 
a 130kV automatic unit, a 140 kV unit, 
a 160kV unit, a 160 kV~-360° unit, a 
200 kV unit and a 260 kV unit, giving a 
range of penetration from thin alumin- 
ium to over 3in. of steel. All of the 
units are of the robust, lightweight tank 
variety. with transformers in the X-ray 
head and no high tension cables. 
The new 200kV portable X-ray unit, 
weighing only 1001b, provides a tube 


aie: 


The Andrex 200kV portable X-ray 
unit penetrates steel up to 2j inches 


current of 5mA, and has provision for 
water cooling, giving a 100% duty cycle 
It is suitable for 14 in. steel, to Class 1 
standards, or 2}in. steel using fast cal- 
cium tungstate intensifying screens. 


Tick No 212 on reply card 


THICKNESS GAUGE 


beta-mains unit 


Baldwin Industrial Controls have re- 


cently introduced into their range of 
nucleonic thickness gauges a small port- 
able mains operated unit designed to 
meet requirements of industry where the 
expense and refinements of the standard 
Beta gauge are not justified 

The gauge is calibrated in arbitrary 
units proportional to weight per unit 
area and the user can easily corelate a 
factor for his own particular product 
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The Baldwin 
variation of measuring head mount- 


Beta gauge allows a 


ings and alternative radioactive 


sources 


For simplicity, the gauge embodies only 
one radioactive source and detector. The 
output from the detector is compared 
with a calibrated reference potential and 
the difference in signal is amplified by 
an extremely stable low gain d.c. ampli- 
fier. The output signal is sufficiently 
powerful to operate both the built-in 
moving coil meter and, if required, an 
additional external milliamp recorder. 
Tick No 213 on reply card 


GAMMA DETECTOR 


low level counting 
The NE 8105 counter Nuclear 
Enterprises offers a method of measur- 
ing very weak radioactivity in large vol- 
ume samp!es. A gamma ray detection 
sensitivity of SO micromicrocuries per 


from 


60 lb sample in a 20 minute count can 
be achieved. The instrument operates as 
a gamma ray spectrometer with reason- 
able energy resolution and a two-channel 
caesium-137 fall-out 
from potassium-40 
activity, enabling foodstuffs, milk. water, 


analyser registers 


activity separately 


NE8105 low level counting facility 
consists of a twin-rack contro! unit 
and a_ large’ plastic — scintillater 


detector unit (shown below) 





etc., to be checked for contam ation} 
fall-out. It also permits the us: of my 
smaller quantities of radioact ¢ tracer 


in chemical and other trace applic, 
tions. For tracer studies in bio: gical @ 
perimentation, a simple and r. >id mex 
urement of total radioactivity anima 
in vivo is possible. 

The well in the Detector | iS suc 
that it will support sample: on tp 
motor-driven cradle up to 123 dia. b 
21; in. long. The sample is s\rrounde 
by a depth of at least Sin. 0: NE Iq 
plastic scintillator and the scint lator by | 
at least 3}in. of aged lead (with ve 
low RaD activity) to reduce background | 
to a low level. The plastic scirillator \ | 
coated with a high performance diffyy 
reflector except where viewed by eig) 


Sin. diameter photomultipliers special 
selected for high resolution. 

The twin-rack cabinet contains on 
non-overloading iinear pulse amplifie 
feeding into a two-channel discriminator 
plus scaler arrangement. Each channe 
consists of a single channel dilferentig 
pulse height selector and a scaler with 
pre-set count unit. In addition there 
incorporated an e.h.t. supply unit 
voltage stabilizer and a photomultiplie 
voltage adjusting panel designed so tha 
the gain of each photomultiplier can be 
individually adjusted to provide the same 
pulse height from each tube 
give the optimum overall energy reso 
tion from the eight tubes. 

Tick No 214 on reply card 


TEMPERATURE MEASUREMENT 


zero differential control 
potentiometer recording con- 
troller has been designed for control. 
ling and measuring temperatures 0 

200°C up to +2000°C. 
suitable for measuring variables, such as 
speed, strain, pressure and hydrogen-io 
concentration, as well as any other 


ind thus 


Ether’s 


It is equally 


quantity that can be expressed as 
electrical signal. 

A zero-differential control — syste 
operates through sliding-contacts on : 
variable-positioning pick-up track which 
is electrically connected in series will 
the control relay. The controller is pro- 
vided with a 6-in. calibrated chart and 
ranges from SmV to 100 mV by using 
a plug-in printed-circuit unit. Calibra 
tion is accurate to 0-25°%, of span and 
sensitivity to 0-15° 

Tick No 215 on reply card 


REMOTE CONTROL 


18 ft stretch manipulator 
Two new mechanical arms 
developed for remote handling of * hot 
materials have been introduced by 
General Mills. Model 550 has an arm 
stretch of approximately 18 feet outward 
from a shoulder boom which can hold 


powered 
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SPECIFICATION 


Operational Trip Setting. 0-600°C. 
Trip Margin Meter Indication. 50°C. below trip. 


‘Low-Margin’ Trip. May be set anywhere within the available 


trip margin range. 
Trip-Accuracy. 0.4% of trip temperature. 


‘Low-Margin’ Trip Accuracy. Better than 2°, of the meter 
range. (Accuracy limited because the meter is used for setting). 
Hysteresis and Stability of Both Trips. 2°, of meter range. 
External Facilities. The warning and trip relays each 
provide the following facilities which are connected to plugs at 
of the instrument:—two sets of change-over contacts 
circuit pairs. 


the rear 
and two short 


Input Signal Required. 40 pV C. 


Thermocouple Earthing. Can be at either terminal or at the 
hot point. (The amplifier is isolated from earth). 


Stability. Cold junction compensation ensures that perform 
ance remains within the limits specified up to 40°C. ambient 
temperature. Performance is unaffected by mains variations of 
LS 20 


Thermocouple Resistance. Up to 250 ohms for perform- 
ance specified. Up to 500 ohms for ambient temperature (‘cold 
junction’) up to 30°C, 

Response Time. Less than 0.2 seconds. 


Recorder Output. A 100 mV recorder can be driven to indicate 


the meter reading at an impedance of 100 ohms. 


Dimensions. Front panel 4” wide x 8?” high. Depth 13”. 
Mains Input. 110-120v or 200-250v A.C., 45/60 © s. 


Mains Consumption. 20 watts approximately. 


The Ekco range of reactor instruments also includes the following :— 


Reactor Period Meters with alternative ranges. 
Reactor Power Error Meter. 

Resistance Thermometer Trip Unit. 

Shut-Down Amplifier (with start-up facilities and 
shut-down state trip). 

Fast Neutron Monitor (installed). 

Misalignment Indicator (for coarse control arms.) 


Leak Indicator (for external heavy water leak). 


EKCO ELECTRONICS LIMITED 


Sales, /nstallation and Service 
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See EKCO Electronics 
Stand at the I.E.A. 


HU 


Effluent Monitor. 

Battery Box Assemblies. 

Logarithmic Gamma Health Monitor (installed). = 
Slow Neutron Survey Meter (portable). 
Beta-gamma Survey Meters (portable). 

Decade Voltage and Current Generator (general 
purpose test unit). 

Reactor Period Meter Test Unit. 


LUNUNNNNUUOOOUUNAAANLOU A ALL 


SOUTHEND-ON-SEA : ESSEX ° Telephone: Southend 49491 
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more than 100 pounds and it has eight 
separate motions. It can both flex and 
rotate at the shoulder, telescope its 
upper arm, bend its elbow, rotate at the 
elbow, bend its wrist, spin its wrist, and 
close its fingers with either a light touch 
or crushing force. All are 
controlled by a human operator at a 
small portable control box. 

Model 150, 
Mills line of remotely- 
controlled manipulators, which was de- 


movements 


the General 


motor-driven, 


smallest of 


signed for alpha and gamma radiation 


work, can be mounted inside a small, 
airtight enclosure placed within a con- 
ventional ‘hot cell’. It can also be 


mounted on an overhead bridge, a boom, 
vehicle, or a post, provides six separate 


motions and has a 360° shoulder swing 


Tick No 216 on reply card 


X-RAY DIFFRACTION 


rapid crystal examination 
A new multiplane X-ray diffractometer 
for fully automatic or manual operation 
developed by Seton Creaghe and based 





In the new multiplane diffractometer 

the specimen holder can be rotated 

and reciprocated in the beam by two 
variable speed motors 


on AEA design incorporates goniometric 
and scanning movements fulfilling the 
requirements of rapid operation and ex- 
treme accuracy. Its weight is approxi- 
mately 75 Ib. 

The diffractometer is an X-ray instru- 
ment designed to use the Shulz method 
of determining the preferred orientation 
of crystals. This method enables the 
intensities of reflexions to be related, 
without correction, to the number of 
crystals reflecting. By this method the 
instrument can be used to examine the 
crystal structure of a specimen in any 
plane by the simple but precise adjust- 
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ment of the goniometer ring which car- 
ries the specimen holder and a beam 
width limiting slit. It is possible to 
separate an a, a, doublet less than 6 ft 
apart. 

The geiger counter arm and _ goni- 
ometer ring are carried by concentric 
bearings and the gearing between them 
gives a 2:1 angular movement. The 
goniometer ring can be adjusted sepa- 
rately in relation to the counter arm and 
then clamped. Slit systems are provided 
for the incident and reflected beam. 
These are accurately located and various 
angles of beam spread can be provided. 
Since the slit system is arranged in a 
simple geometric ratio careful choice of 
slits can double the range of 
and divergence angles. 

Tick No 217 on reply card 


SCINTILLATION DETECTOR 


low background counter 
well-type scintillation 
an extremely low background is 
now available from Tracerlab. The new 
instrument, the SC-57A, employs a } in. 
dia. y well crystal that accepts standard 
5 ml. sample vials. The crystal is shielded 
in all directions (47 steradians) with at 
least 3 in. of lead and has a background 
of approximately 100 counts/min. The 
SC-57A is useful in any application re- 
quiring the assay of isotopes in liquid 
solution. Its efficiency for I-131 is 
approximately 45 thus permitting a 
sample containing 5 
to be counted (to 5° 


receptor 


A new detector 


with 


10-4 microcuries 
probable error) in 
less than 14 min. The SC-57A is particu- 
larly clinical applications 
where it can be employed in blood vol- 
PBI conversion 
ratio analysis, red cell volume and sur- 
vival using Cr-5l and 
pernicious anemia diagnosis using Co-60 
labelled vitamin B-12. The transistorized 
pulse amplifier is externally mounted, 
thus contributing to stability and low 
noise level by eliminating heat build up 
in the photomultiplier tube. 

A high resolution photomultiplier 
tube (RCA 6655 A) and an amplifier by- 
pass switch make the SC-57A a useful 
instrument for spectrometry analysis of 
liquid samples. An optional accessory is 
a thin-walled beta well crystal which 
has an efficiency of 100,000 counts per 
minute per microcurie of P-32. 

Tick No 218 on reply card 


IN BRIEF 


® Vibration detection. A light weight 
direct-reading vibration meter has been 
produced by Research & Control. It has 
a transistorized amplifier and is fed from 
a built-in chargeable miniature battery. 

Tick No 219 on reply card 
© Simplified fixing. Briticent Plasticlips 
for securing cables, conduit, tubes and 


useful in 
determinations, 


ume 


determination 


hose in diameters from } in. t¢ 


¢ In, are 
available for use on concri a 
brick or timber surfaces. 

Tick No 220 on © «ply carg 
© Infinitely variable. Carter © ars hay: 
extended their range of hydra lic unix 
by the introduction of their Al ) 40 hp 
unit. 

Tick No 221 on reply car 
@ New radiochemicals, Six ra: jochem 
cal organic compounds are _ .vailable 
from Tracerlab labelled with C. rbon-j¢ 
Acetone 1, 3-C14 for industrial organic re. 
search; Bromoacetic Acid 1 aid 2 
and Malonic Acid 1, 3-C14 for the syp 


thesis of amino acids; Propylene 1-C 
for determining chemical reac 


Ms an 
metabolic fate of the new plastic pol 
propylene; and, Tristearin Carboxyl-( 
for the study of the metabolism of fai 
Tick No 222 on reply card 
@ Hydraulic pressure switch. K DG Ip. 
strument’s Piston-type Switch is designed 


for hydraulic installations where high 
rates of operation and sudden appli. 
cations of pressure are encountered 


It comprises a stainless steel hor 
piston fitted with ‘O”’ ring seal operat. 
ing against a spring. Two models are 
available 0—-2000 and 0-5000 Ib/in®, others 
with pressure setting dials, 

Tick No 223 on reply card 
@ Aluminized asbestos cloth. Strong, dur- 
able and impermeable to 
Turners Aluminised Asbestos 
applied over primary pipe 
fabricated into mattresses and applied 
for heat protection to personnel 

Tick No 224 on reply card 
@ Transistorized recorder, Compact, in- 
expensive, servo-operated recorder fron 
Fielden records any current or voltage 
normally indicated on a meter and is 
suitable for recording the output of other 
electronic or electrical equ pment 
as pH meters, smoke density detector, 
CO, indicators, beta gauges, tachome- 


ing and 


moisture. 
can be 
insulation, 


such 


ters etc. The minimum full scale deflexion 
is 25uA or 30 mV. Chart 6} in. diameter. 

Tick No 225 on reply card 
@ Plastic scintillation fluors. Semi-Ele- 
ments, Inc., are producing the largest Plas- 
tic Scintillation Fluors ever made, weight 
approximately 400 1b before machining, 
16 in. or more in diameter and 24 in. in 
length. They will be used for more effi- 
cient human body counts and for high 
energy radiation detection. 

Tick No 226 on reply card 
® Radiation shielding Lead 
chambers for handling 
materials are now available in a_pack- 


shielding 
radioactive 


aged form from Associated Lead. All 
have 2-in. thick lead walls, the same 
minimum internal dimensions, two 


sphere units for remote handling equip- 
ment and a standard lead window-frame 
for observation. 

Tick No 227 on reply card 
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People 


by John Radford 


I see that the board of management of 
the OEEC high temperature reactor pro- 
ject (Dragon) has approved the offer of 
the following appointments; Head of Ad- 
ministration, R. K. Andresen of Norway: 
Chief Engineer, Gianfranco Franco of 
Euratom; Deputy Chief Engineers, S, B. 
Hosegood, UK and R. Tron of Euratom. 
[his round completes the allocation of 
top jobs on the project. 

Rear-Admiral Andresen is Flag Officer 
West Norway and is a former naval 
attaché in London. Mr Hosegood has 
been associated with the Dragon project 
since 1959. 


India’s Dr Homi Bhabha is certainly 
getting around recently: last autumn he 
toured nuclear laboratories and power 
plant projects in the US; just lately he 
has been guiding the USAEC’s Deputy 
Director of the Division of International 
Affairs, Myron B. Kratzer, and his team 
round India (Worldview, April); and the 
next move is to visit Russia in June at 
Mr Krushchev’s invitation. 


Mr R. N. Millar of the GEC has now 
returned from a short visit to India to 
investigate the prospects for British 
nuclear power plant exports (see World- 
view, this issue). 


Mr Norman Readman, Managing Direc- 
tor of The Consolidated Pneumatic Tool 
Co. Ltd. has been elected to the Board 
of Directors of the New York parent 
company, the Chicago Pneumatic Tool 
Company. I learn that Mr Readman is 
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More EMI tech- 
niques may be ex- 
ported to Canada 
according to Mr 
CLIFFORD MET- 


CALFE, Managing 
Director of EMI 
Electronics Ltd, 


seen here (centre) 
visiting an Associa- 
ted Rediffusion 
studio. On his re- 
turn recently from 
Canada he said ‘| 
am very hopeful 
that we can help 
the electronic in- 
dustry of Canada by 
transplanting some 
of the tremendous 
know-how at Hayes’ 


the first Englishman to go onto the parent 
company’s board. 


Senator Spooner, the Australian Minister 
for National Development, has appoin- 
ted a personality well known to many 
of us here, Dr George Clifford James 
Dalton, B.E., B.Sc., D.Phil., M.I.M.E., 
as Director of the Lucas Heights Re- 
search Establishment of the 
Energy Commission. 

Dr Dalton, formerly the Commission’s 
Chief Engineer and Deputy Chief Scien- 
tist, was in charge of the Fast Reactor 


Atomic 


Dr DALTON 


moves up down under 


Group of the UKAEA from 1947 to 
1949. 


S. Smith and Sons (England) Ltd. have 
announced that Mr G. B. G. Potter has 
been appointed to direct and coordinate 


Smiths Aviation Research ar. Engip. 
eering; this follows the reorgan <ation of 
the aviation side of Smith’s bi ness 


After nine years as General \ 


lager of 
the Wells factory of EMI EF :ctronics 
Ltd., Mr W. Pigdon is leaving - iortly tg 
take up a new job as Execui ve Vice. 
President of EMI-Cossor FE °ctronis 


Ltd., in Halifax, Nova Scotia, ( anada, 


Professor Carlo Salvetti has bee. named 
Director of the Internationa! Atomic 
Energy Agency's Research anc Labon. 


tories Division. He has been consul- 
tant to the Agency for a few months and 
comes from the Italian Government's 


important nuclear centre Ispra on Lake 
Maggiore where he was Direcior Gen. 
eral. Sterling Cole, Director General of 
IAEA, seemed particularly pleased jn 
announcing this appointment; he empha- 
sized the need to attract to the Inter. 
national Agency scientists of such high 
calibre as Professor Salvetti. 


Mr S. G. Spooner has been appointed 
Works Manager of Marconi Instruments 





Mr SPOONER Dr THORP 
Promotion at Joins 
Marconi Semiconductors 


Ltd., St. Albans, with responsibility for 
manufacturing activities, industrial rela- 
tions, works services and welfare 


From Semiconductors Ltd. comes. the 
news that following expansion the sales 
organization has been enlarged and Mr 
J. H. Thorp has been appointed Sales 
Manager. He moves from Texas Instrv- 
ments Marketing Department. 


Major changes in the organization of 
The Babcock and Wilcox Company’ 
Atomic Energy division in Lynchburg, 
Va., have been announced by Dr L. M. 
Currie, vice-president in charge of the 
division. 

Three new departments have been 
created. A Development department 
headed by M. C. Edlund, a Contract de- 
partment under R. P. Grimes, and 4 
Proposition department under the super- 
vision of D. A. Plunkett. Dr Currie said 
that the changes were made ‘after long 
and careful study, to consolidate our 
experience and align our capabilities 
with the type of nuclear business we 
expect in the future’. 

The company’s nuclear power projects 
include the NS Savannah and_ the 
Consolidated Edison Thorium Reactor. 


NUCLEAR POWER May 1960 























NU 





Ngin- 
On of 
3S. 


— 
ee, ee ied 


er of 
‘ONIcs 
tly to 
Vice. 
‘ONICs 
da, 





GISTORIGE seer switching circuitry 








amed | 
tomic 
bora- 
nsul- 
S and 
hent’s 
Lake 


a “ Oo mpisec 


din 


he 2G104 GERMANIUM 
yey 150 mW 









40 musec 


2$101 SILICON 


300 mW —— 
Ns KS 
nen T 300 Mc/s 150 Mc/s 

—— 15 V 25 V siete 


LOW SATURATION (BOTTOMING) VOLTAGE OPERATION UP TO 150°C 


j 1 O0eF ' ee < qv 
= riesy < + 
0 eR =e Ss _ — 77 " <8 . 820aS P 
me >? : P } 


> pike AW > 
+——1¢-——_4——_»+—- — rem oe <=" 
10 Mc $s c a ; 5 Mc/s 1$30% _ — eg —] 1830 


high 
J 


inted 

















SATURATED tHe * on S| SATURATED | |. tT | a 
P SWITCHING | sows 12. | SWITCHING | POW, ep 


ee 4 Same 





eo : 2 — ‘ }200cF Ss _s 
ors 22 = i ee Sennen (stich: eal | 


—+ — . — L — ee Meet 
y for 








rela- 





} 50 Me/s a | v0. | 25 Mc/s 

‘is NON- — = BS . 7 wei) © NON- 

Sales SATURATED ¥ = SATURATED 
astru- SWITCHING SWITCHING 











aod 
a 
re tw 


+45V 
ee L. 


mn of 5 + + 
any's 
burg, | 
Li 
f the 


—42V 


























been 
‘ment 
t de- 
nd a 
uper- 
» said 
long 

our 


“ | TEXAS 


yjects 





INSTRUMENTS 
LIiMtiwtfteE oD 


the DALLAS ROAD BEDFORD ENGLAND 
tor. BEDFORD 68051 CABLES: TEXINLIM - BEDFORD 





91/AS 








1960 NUCLEAR POWER May 1960 Tick No 83 on reply card for further details 131 











Diary | 








25-29 APRII 
International Compressed Air and Hy- 
draulics Exhibition, Olympia, London 

25-30 APRIL 
Fourth Production Exhibition at the 
National Hall, Olympia, London, W14 

25 aprit—I> MAY 
Royal Dutch/Shell Group * World of Oil * 
exhibition at Herbert Art Gallery and 
Museum, Coventry 

26 APRII 
Some Recent Advances in Industrial Elec- 
trical Control Techniques T. Barany 
Society of Instrument Technology 7.00 at 
Mansion House, 26 Portland Piace, Lon- 
don, WI 

26 APRIL 
Sealing against pressure and vacuum Joint 
meeting of the Institution of Chemical 
Engineers and the Institute of Petroleum 
at Manchester 

27 APRIL—O MAY 
Fuel Efficiency Exhibition, Grand Hall, 
Olympia, London 

29 APRIL 
Some Aspects of lonizing Radiation in 
Medicine Dr. R. Morgan Institute of Phy- 
sics 5.15 at University College of Wales, 
Aberystwyth 

29-30 APRIL 
Convention on Thermonuclear Processes. 
The Institution of Electrical Engineers at 
Savoy Place, London, WC2 

2-4 May 
Non-destructive Testing Joint meeting of 
the Société Frangaise de Métallurgie and 
the Non-destructive Testing Group, the 
Institute of Physics at 47 Belgrave Sq., 
London, SWI 

3-13 May 
Mechanical Handling Convention and Ex- 
hibition at Earls Court, London, SWS 

4 MAY 
High-speed Heavy-duty Diesel Engine Dr. 
E. Schmidt 6.00 at The Institution of 
Mechanical Engineers, | Birdcage Walk, 
London, SW 

4-H MAY 
International symposium on _ distillation. 
Joint meeting of the Institution of Chemi- 
cal Engineers and the Society of Chemical 
Industry, sponsored by the European 
Federation of Chemical Engineering, at 
Ihe Dome, Brighton 

S MAY 
Direct Conversion 


Its Physics and Appli- 
cations Donald H 


Loughridge of GM 


INDUSTRIAL 
LITERATURE 


Non-destructive testing. The latest issue of 
Solus Schall’s ‘News Letter’ includes articles 
on ultrasonic radiation properties and test- 
ing and describes a portable Red Box radia- 
tion monitor 

Tick No 252 on reply card 


Materials selection. A useful metal selection 
chart from Meehanite, based on actual cast- 
ing service records over 25 years, has been 
produced to help designers and users of 
castings to select the right type of metal for 
a particular job. 

Tick No 253 on reply card 


132 


Research Laboratories at Northwestern 
University, Evanston, Illinois, USA 

11 MAY 
Data Processing Section Annual General 
Meeting and A Recording Stereocompara- 
tor A. E. Adams, The Society of Instru- 
ment Technology 6.15 at Mansion House, 
26 Portland Pl., London, W1 

11 MAY 
Sixtn Standards Engineers’ Conference 
British Standards Institution at Connaught 
Rooms, Great Queen Street, London, WC2 

12 May 
Inuustrial Television and its applications 
S. G. Gobbi 7.15 at Scottish Building 
Centre, Sauchiehall Street, Glasgow 

16-25 May 
Course on Reactor Environmental Health 
Problems, Robert A. Taft Sanitary En- 
gineering Centre at Cincinnati, USA 

18 MAY 
Electronic Equipment Reliability Sympo- 
sium at the Institution of Electrical En- 
gineers, Savoy Piace, WC2 

18 MAY 
Factory Safety Lecture 7.00 at Royal 
Society of Arts, John Adam _ Street, 
Adelphi, Strand, London, WC2 

19 MAY 
Physical Problems and Prospects’ of 
Piasma Propulsion, Frattt A. Ehricke of 
Convair Astronautics at Northwestern 
University, Evanston, Illinois, USA 

23-28 MAY 
International Instruments, Electronics and 
Automation Exhibition at Olympia, Lon- 
don, W14 

24 MAY 
Annual General Meeting, The Society of 
Instrument Technology 6.00 at Mansion 
House, 26 Portland Pl., London, W1 

24-26 MAY 
Electronic Forum for Industry Conference 
at Olympia, London Details from The 
Electronic Engineering Association, 17 
Fleet Street, London, EC4 

24-27 MAY 
Exhibition of Drawing Office and Photo- 
copying Equipment Lawes Rabjohns at 
Ealing, London 


Further Ahead 


30 MAY—2 JUNE 
First International Pipes & Pipelines Exhi- 
bition at Earls Court, London, SW5 
7-13 JUNE 
IAEA Radiation Dosimetry in Health 
Physics, Vienna 
12-15 JUNE 
Sixth Annual Meeting of the American 
Nuclear Society at Chicago, Illinois, USA 
18-29 JUNE 
Exhibition and demonstration of British 


Metal filters. Sintered Products leaflet on 
Porosint Rigimesh describes the uses being 
made of stainless steel for filtering, particu- 
larly, corrosive liquids. 

Tick No 254 on reply card 
Handling radioisotopes. A guide to the safe 
use of isotopes has been published by the 
British Safety Council. 

Tick No 255 on reply card 
Scientific instruments. Pye's latest catalogue 
describes several important new develop- 
ments including apparatus for density mea- 
surement, process analysing and 
stabilization. 


power 


Tick No 256 on reply card 
Oil retaining bearings, A leaflet from Bound 
Brook Bearings gives the properties and 
applications of their long-life porous bronze 
and iron bearings. 

Tick No 257 on reply card 
International isotopes guide. Scientific 
Equipment Co. have issued the 4th edition 
of their ‘ Isotope Index’ which is a com- 
plete purchasing guide to stable radioactive 


Scientific Instruments at The Olytechn; 

Museum, Moscow. Details n SIMA 

20 Queen Anne Street, Lond 1, Wy ' 
20-26 JUNE 

Fiith Nuclear Congress and nth Inter. 

national Electronics and Nuc ir Exhibj 

tion, EUR Congress Palace, R ie. Detail 


from CNRN, Via Belisario, Rome 
23 JUNE | ; 
Symposium on Analytical ( 


. i MAStry of 
Beryilium, UKAEA Industri: Group - 
Blackpool P 

27 JUNE—6 JULY 
First International Congress Automat 
Control Moscow Details of pers from 


Institution of Electrical Engir. ers 
28 JUNE—8 JULY 

Royal Dutch/Shell Group * W orld of 9 

exhibition at University Co! ge 

Statfordshire, Keele 


e of N 


5-9 JULY 
Fourth International Goitre C _nferenge- 
Application of Radioisotopes Thyroi 
Club, London Applications S. Taylor 


The Royal College of Surgeons, Lincoip 
inn Fields, London, WC2 

21-27 JULY 
Third International Conference and Exh 
bition on Medical Electronics. Hel 
jointly by the International Fev eration fq 
Medical Electronics and The _Institutio; 
of Electrical Engineers at the Empire Hal 
Olympia, London 

21-30 JULY 


International Nuclear Power Exhibition g 
Earls Court, London, SW5 

26 JULY 
Associated Electrical Industries Researc: 


Laboratories, Aldermaston, Royal Societ 
visit leaves Burlington House at 96 
Accommodation for 40 person 
Bradwell Nuclear Power Station Roya 
Society visit leaves Burlington House a 
10.00 Accommodation for 40 persons 
8-12 AUGUST 
IAEA Effects of Ionizing Radiation o 
Seeds and its Significance on Crop In 
provement. Probably at Karlsruhe 
23-25 AUGUST 
1960 Cryogenic Engineering Conference 
University of Colorado and _ Nation 
Bureau of Standards at Boulder, Colorad 
25 AUGUST—3 SEPTEMBER 
Tenth International Conference on Hig 
Energy Nuclear Physics _ Internationa 
Union of Pure and Applied Physics ar 
Commission on High Energy Physics ¢ 
Rochester, New York, USA 
6-17 SEPTEMBER 
IAEA Use of Radioisotopes in Physic 
Sciences and Industry  conlerence 
Copenhagen 
18-21 OCTOBER 
First Effluent and Water Treatment Exh 
bition at Seymour Hall, London, WI 


and labelled compounds and lists supplie 
and manufacturers throughout the world 

Tick No 258 on reply ar 
Radiation equipment. A_ wide range 
Frieseke and Hoepfner instruments for me 
suring and detecting radiation is describe 
in a recent catalogue from B & K L& 
oratories. 

Tick No 259 on reply av 
Valve data. English Electric Valve's lates 
quick reference brochure gives abridged dau 
covering their complete range. 

Tick No 260 on reply a 
Magnesium forgings. Technical iniormatio 
on three Magnuminium alloys: 133, 133 
and 266, together with a magnesium-2ik 
zirconium alloy ZW3 is given in High Du 
Alloy’s latest pamphlet. 

Tick No 261 on reply 
Special lubricants. A leaflet from Ro 
surveys the uses made of molybdenum 
sulphide as a lubricant and the vario 
grades available. 

Tick No 262 on reply @ 
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Book Reviews 


Progress in automation 


Process Integration and Instrumentation 
Published and Prepared by the Electrical 
Development Association 1959: 204 pp 
141 figs. Price 8s 6d 


[his book is Volume 8 in the Electricity 
and Productivity Series and it discusses 
in ar elementary manner the industrial 
progress in automation, particularly elec- 
trical techniques and components. It has 
been written for the industrial manager 
and the production executive of the 
medium and small concern and it should 
be especially valuable in helping to 
achieve the conceptional aim by indicat- 
ing, as it does, the wide range of equip- 
ment and methods which can be applied. 
There are chapters which describe the 
links in automatic production sequences, 
namely sensing devices, instruments and 
instrumentation, equipment, 
actuators and servomotors. There are also 
many examples of methods of automatic 
working, which should help the reader 
to appreciate the wide applications of 
the technique. 

The authors have taken a great deal 
of trouble to write a book which will 


electronic 


help the beginner to understand the prob- 
lem and the way in which automatic 
techniques can help to solve them. It 
would have increased the value of the 
book, however, if some _ information 
could have been included of the actual 
economies made by the introduction o! 
automatic methods of working. 

Denis Taylor 


Properties of metals 


Progress in Metal Physics 8 edited by 
Bruce Chalmers and R. King London 1959: 
Pergamon Press Price 90s 

This book is the eighth in a series which 
has established its value to the metal 
physicist and to those whose interests 
take them into this field. As in the earlier 
volumes, it consists of a number of un- 
related articles each written by an ex- 
pert, who is usually actively engaged in 
the subject on which he writes. In this 
volume there are five sections all deal- 
ing with some aspect of the crystal im- 
perfections which play so large a part in 
determining the properties of metals. The 
subjects of the first four articles are 
*Substructures in Crystals Grown from 


the Melt "—a discussion of t 


reasons 
why such crystals are no erfect: 
‘Grain Boundaries in M- |s*—ay 
attempt to bring up-to-date subject 
already reviewed twice in t series 


‘X-ray Studies of Deformed tals’ 
an account of the effects wh strains 
and crystal faults have upor detaile 


peak shapes; and ‘Work Har: -ning 


in 
Metals "—a detailed descriptio. of the 
hardening which occurs when h face- 
centred cubic and close-packed fxagonal 
metals are deformed. 

It is the last article, * Defec n Pure 
Metals.” which will be of most value to 


those interested in the beha iour of 


metals in reactors. This is by | omer of 
Harwell and deals principally h point 
defects (vacancies, interstitial atoms ete.) 
which are copiously produced whenever 


a fast moving neutron collides with an 
atom in a metal. These collision pro- 
cesses are evaluated, but mos! of the 
space is devoted to the properties of the 
point defects themselves and the effects 
that they have upon the properties of the 
metal. The subject is approached from 
a theoretical viewpoint but a short sec- 
tion at the end summarizes briefly some 
of the deductions from experiments. 
This book is intended for the specialist 
wishing to keep informed about subjects 
bordering his own. 
R. S. Barnes 


Who’s Who in Atoms 


AN INTERNATIONAL 


REFERENCE 


BOOK 


The first edition of WHO’S WHO IN ATOMS was out of print within two months of publication—a sure indication of the need for 


an international reference book of this kind. 


The 1969 edition has been revised and greatly enlarged and the whole of the text has been entirely re-set in new type. The number of 


names now listed in the book has been increased from 8,502 in the first edition (which in itself was an increase on the originally planned 


5,000 names) to over 12,500 names and biographical information of those engaged, in all parts of the world, in nuclear research and 


development. In addition there are now included in the book over 300 cross-references. 


The considerable increase in size—the new edition runs to 983 pages—has necessitated the 1960 edition being bound in two volumes. 


Over a thousand agencies, authorities, boards, commissions, committees, groups, societies and other organisations having nuclear interests 


and many thousands of industrial firms), from over seventy countries have co-operated with the publishers in the preparation of the 


1960 edition. 


Royal 8vo. (10" * 6}") 


983 pages in two volumes 


Full buckram binding 


Price: £10 10s., sterling (Postage and packing free) 


Now available from the Publishers or from any Bookseller 


Who's Who in Atoms 


132-134 FLEET STREET LONDON EC4 


FRANCE 


O “ce nterna*ionna de 
Documentation et 


GERMANY 


Ex Libris Buchhandels., 
Ferdinand-Dirichs-Weg 


HOLLAND 


Martinus Nijhoff, 9 Lange 
Voorhout, The Hague 


Librairve 48 Rue 28, Frankfurt-am- 
Ga_-Lussac Paris Se Main 
\34 Tick No 27? cn reply card for furth-r de-ail; 


SWEDEN 


Henrik Lindstahl's Bok- 
handel, Odengatan 22, 
Stockholm 


UNITED STATES OF 
AMERICA 
Stechert-Hafner, 
31 East 10th Street, 
New York 3, N.Y. 
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. See this 


and other Electronic and/or Pneumatic instruments 
at the I.E.A. Exhibition, Olympia, 23-28 May 1960 


Taylor Controls Limited STAND Diet 


Hale End Road, Walthamstow, London, E.17. Telephone: Larkswood 5533 
A subsidiary of Taylor Instrument Companies, Rochester, N.Y., U.S.A. 
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CIFIC RESISTANCE 


Many aspects 
— many uses 
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oO Many qualities in addition to lightness 
2, and strength make aluminium an important 

metal in nuclear progress. . 
Its uses include rod cladding, heavy an 
water tanks, cooling tubes surrounding Ato 
fuel rods, glove boxes, thimbles for Los 
— ; ea peac 
radiation experiments, cyclotron windings yea! 
and enriched uranium-aluminium alloys. tors 
James Booth supply high-quality aa 
. . . . . 0 
aluminium and aluminium alloys in a Mor 
wide range of wrought forms for Tes 
nuclear applications. me 

NUR ALU MTN JAMES BOOTH ALUMINIUM LIMITED 

KITTS GREEN, BIRMINGHAM 33. Tel: Stechford 4020 
EXTRUSIONS, LARGE FORGINGS, PLATE, SHEET, STRIP AND TUBES IN LIGHT ALLoys | “ 

1aGt79 
N 


136 Tick No 86 on reply card for further details NUCLEAR POWER May 1960 








his 


The ‘‘slave-hands”’ of an Al technician handle radioactive materials through a hot cell window 3'/ feet thick 


Woodceut by Edward Kysar. 


Let A.I?s experience guide your Nuclear Power Program 


The largest privately-owned facility in the world for 
remote handling of radioactive materials is located at 
Atomics International’s 290-acre field laboratory near 
Los Angeles. Here the men who pioneered the creative 
peacetime uses of atomic energy are applying their 14 
years of experience to developing advanced nuclear reac- 
tors and associated equipment. 

Much of AI’s work has been on projects for the U.S. 
Atomic Energy Commission. This includes the Organic 
Moderated Reactor Experiment at the National Reactor 
Testing Station in Idaho and the Sodium Reactor Experi- 
ment in California. AI has also built and is operating 
SNAP II, a 100-kilogram prototype reactor designed to 


produce 3 KW of electricity for space vehicles. 

With some of the most sophisticated facilities in the 
world at their disposal, the men at AI are now conducting 
studies for large power station reactors in the United 
States and Euorpe. Two reactors are now actually under 
construction under AEC programs—an Organic Moder- 
ated Reactor in Piqua, Ohio, and a Sodium Graphite 
Reactor in Hallam, Nebraska. Smaller research reactors 
have been built by Atomics International for Denmark, 
Germany, Italy, Japan, Puerto Rico and several sites in 
the USA. 

For details contact: ATOMICS INTERNATIONAL, Canoga 
Park, California, USA. Cable address: ATOMICS. 





p GP ATOMICS INTERNATIONAL 


. A DIVISION OF NORTH AMERICAN AVIATION, INC. 
— PIONEERS IN THE CREATIVE USE OF THE ATOM 


Ys | Affiliated with INTERATOM, Bensberg/Cologne, Federal Republic of Germany and DYNATOM, Paris, France. Other offices in: Washington, D.C., U.S.A.; Geneva, Switzerland. 
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CROSSLEY ENGINES for Chapel Cross 


Crossley Brothers have supplied the diesel engines for yet another nuclear 

power station. This time they are to provide standby electrical power for 
the United Kingdom Atomic Energy Authority’s latest station—Chapel Cross. 
Eight Crossley ‘‘ HSN ”’ six cylinder Scavenge Pump Diesel engines 
each supplying 500 kW through Brush generators, 
for automatic operation in the event of mains failure. 
Crossley two-cycle Scavenge Pump Diesel engines have already been 
installed at Calder Hall and Dounreay, and are soon to enter service at 
Berkeley and Bradwell. They have been chosen to fulfil these 


vital duties because they are reliable diesel engines. 










DIESEL ENGINES 


CROSSLEY 


CROSSLEY BROTHERS LIMITED - OPENSHAW 


ce) 


HH 


* MANCHESTER 11. 
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Specially designed for the most 
exacting operating conditions 
in the Oil Refining and Chemical 
Industries, these Gauges have be- 
come standard equipment in many 


plants throughout the World. 





OEWRANCE 
DURAGAUGE 


PRESSURE-VACUUM eo 
OR COMPOUND TYPES 
Manufactured by DE WRANCE 
under exclusive licence 

Full details on request 


DEWRANCE 


GREAT DOVER STREET, LONDON, S.E.!. AND COMPANY LIMITED 


Telephone: HOP 3100 Telegrams: DEWRANCE LONDON 





WORKS: LONDON -: BRADFORD 
DUMBARTON - HILLINGTON 
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MANCUNA-DUSTEX THE MOST EFFICIENT MINIATURE CYCLONE DUST COLLECTOR IN THE \ DRLD 


First — Bradwell Esse) 





NOW AT LATINA, ITALY 


In conjunction with Agip Nucleare and The Nuclear Power Plant Co. 


—— at 
the 
iho, s 


” - y ts F 
“he, “ay — 


ie 
MANGUNA ‘HIGH EFFICIENCY MINIATURE 


GYCLONES FOR CO2 BYPASS & DRIER FILTERS 


MANCUNA ENGINEERING LTD., DENTON, MANCHESTER. Tel. : Denton 3965 (5 lines) 
Specialists in Gas Cleaning and Dust Technology AN [INE 


London Office: 59 VICTORIA ROAD, SURBITON, SURREY. Tel.: Elmbridge 9793 
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Bristol Siddeley Engines Limited produce Beaver* pre- 
loaded ball screws. These ball screws achieve a minimum 
efficiency of 90°, and they can operate within a tempera- 
52° C to 400° C without lubrication, and up 
to 170° C when lubricated. 


ture range of 


Machined and ground to the highest standards of pre- 
cision engineering Beaver pre-loaded ball screws greatly 
increase transmission efficiency. They reduce the power re- 
quired for actuation by as much as 80°64, when converting 
rotary drive into linear output or force input into torque 
output. By eliminating backlash, with pre-loading, they 
give precise control over very small increments of motion 
and a high response frequency. And when compared to 
conventional screw mechanisms, they provide a predictable 
operating life which is much longer, require much less main- 
tenance and give more trouble-free operation. 


Basic design application analysis 

Bristol Siddeley engineers make an exhaustive analysis of 
each specification. And each unit is specially designed for 
its particular application. Beaver ball screws are made 


tm 


EAR POWER May 1960 
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SCREW THREADS 
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SECURING BOLT 





BRISTOL SIDDELEY 


automatically reversible or with controlled “‘no-back,”’ with 
multiple or single circuits. Beaver pre-loaded ball screws 
have been proved as the most efficient method of convert- 
ing rotary into linear thrust in over 2,700 engineering 
applications in many branches of industry. They have been 
designed already with rated operating load capacities of 
370,000 lb (825,000 Ib maximum static load) but the maxi- 
mum potential operating load is, in most cases, limited only 
by the requirement. 


| Bristol Siddeley Beaver ball splines have been de- | 
l veloped to eliminate the disadvantages of conventional | 

splines. The designs are very effective in minimising fric- | 
tion, particularly when high torsional and bending loads | 
7 are imposed during linear movement. | 
* Complete technical and manufacturing co-operation with Beaver 
Precision Products Inc., Detroit. 

For further information please write to J. B. Starky, Sales 
Manager (Beaver Products Division), Bristol Siddeley 
Engines Limited, PO Box 17, Coventry, England. 


BRISTOL SIDDELEY ENGINES LIMITED 
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VOKES ‘ABSOLUTE’ FILTEFS 
for the | Ww 
arrestation 
of toxic 
articles 


Vokes ‘Absolute’ filters have been developed for 
applications where radioactive and other toxic 
dusts may be encountered, and an extremely high 
degree of efficiency is therefore required. The 
filters have a guaranteed efficiency of at least 
99.95%, against particles in the 0.1 to 0.5 micron 
range, each panel being individually tested against 
a methylene blue dust cloud. Unlike many filters 
of this efficiency, the Vokes ‘Absolute’ is compact 
and light weight and the use of a special paper 
medium combined with an absence of metal parts 
facilitates the disposal of a contaminated panel. 

Special variations of the ‘Absolute-—High Humid- 
ity, High Temperature, Flameproof and High Acid 
Resistance types—use a glass paper medium with 


0 


an efficiency as high as 99.99%. 











: : A bank of Vokes 55 ‘Absolute’ filters specified by the Ministry of Works for 
Please write for further details. the ventilation plant (Extract) in the High Activity Materials Handling 
Building, Harwell. Vokes 44 ‘Absolute’ panels are used on the intake. 





A pressure-suited operator changing a filter in the ventilation system The methylene blue test rig—part of the equipment in the large Vokes 
of the G.E.C. beryllium laboratory at Erith, where beryllium dust if filter laboratories at Henley Park. Guaranteed performance figures are 
not trapped could endanger human lives. Other Vokes filters are stencilled on each filter case. 

fitted to equipment used in the laboratory. 





VOKES LTD - HENLEY PARK - GUILDFORD - SURREY 


Tel: Guildford 62861 (6 lines) Telegrams & Cables: Vokesacess, Guildford, Telex. Telex: 13-535 Vokesacess, ¢ ifd. 





Vokes Australia Pry, Ltd. Sydney. Represented throughout the World. V528 
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(isc 


‘CASHMORISM ’ means placing your trust in a 
STAINLESS STEEL from STOCK service by 
CASHMORES 

. and with all its attendant advantages 

















@ comprehensive stocks to draw from 
@ speedy delivery 
@ rapid contact through TELEX 


@ no need to finance large stocks on your own 
premises 





@ floor space freed for production 


There’s hardly a ‘ cross word’ when you ‘ CASHMORISE’ 
your stainless steel stock 

















7 
BARS 
FLATS 
HEXAGONS 
SHEETS 
JOHN CASHMORE LTD ‘onan 
GREAT BRIDGE - TIPTON - STAFFS 
A.1.D. 
Telephone: Tipton 2181/7 Telex: 33169 Approved 
, 7S VICTORIA STREET LONDON S.W To specifications 
Telephone: ABBey 4556-7-8 in general 
use 


fd. 
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This is the century which is out to beat the clock. 
From 5 m.p.h. in one of the “‘ old crocks ” to 25,000 
m.p.h. by rocket into outer space ‘Faster and 
faster"’ is the slogan of the age, not only for travel 
but also for production and building. 


mee 


oe "oe 
° <1 
— 


=a \ ‘ 
x we 
~~ Lo. 


Nowadays the framework of a building soars into 
the blue almost in the time it takes to say “ pre- 
fabrication”. 


Speed is the essence of modern building and that 
means prefabricated steel that can be erected 
quickly on the spot. 


Skinningrove specialises in fast deliveries of 
fabricated steelwork in all shapes and sizes. Personal 
attention is given to every order which passes 
through the works. From the time the order 
reaches the office until it is delivered to the site 
everything is done to see that the work proceeds 
quickly. 


For fabricated steel it’s Skinningrove for speed 
and service. 
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WHY IS A BUBBLE. 








“Maximum volume for a given surface” says the bright schoolboy. ‘Lowest stored 


energy in the skin for a given internal pressure” says the engineer. The point being 
that it is the shape which any vessel, subjected to internal pressure, is trying to become. 
If you insist on any other shape you have to pay for it—in thicker walls, amongst other 
things. 

By making the CO, circulator casings for an atomic power station and the bends in 
the CO» pipework spherical, we halved the plate thicknesses. And, as always when you 
hit the right solution, a lot of other things fell into line. Look at the drawing: every 
weld is circular, can be made by machine and can be easily and completely X-rayed. 
Every edge can be prepared for welding by machining or automatic flame cutting on 
a manipulator. 

Fundamentally, good engineering design is just this noticing the obvious (not as easy 
as it sounds); this questioning; this thinking, not in cliches, not in terms of what is 
usually, or has always, been done, but about the way things behave; the ringing of 
every idea against the bedrock of physical laws. 

This is what we have to offer at R.W. 





(RXW) 


RICHARDSONS, WESTGARTH & CO. LTD. (Gq) 


Wallsend, Northumberland, and at 58 Victoria Street, London, S.W.1 


The controlling Company of the RICHARDSONS WESTGARTH GROUP, co-ordinating the activities of :— 


THE NORTH EASTERN MARINE ENGINEERING CO. LTD. RICHARDSONS WESTGARTH (HARTLEPOOL) LTD. 


PARSONS MARINE TURBINE CO. LTD. THE HUMBER GRAVING DOCK & ENGINEERING CO. LTD. 





GEORGE CLARK (SUNDERLAND) LTD, RICHARDSONS WESTGARTH ATOMIC LTD. 





RICHARDSONS WESTGARTH, INC. 


ASSOCIATED COMPANY: ATOMIC POWER CONSTRUCTIONS LTD. RW52 
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Designers of oil well drilling equipment 
specify castings by Lake & Elliot because 
of their high quality and reliability, but 
this may not be enough unless it is com- 
bined ‘with resistance to corrosion and 
erosion. Lake & Elliot produce castings 
in all ‘grades of low alloy carbon and 
Stainless steel to A.S.T.M. and British 
Standards. 


~*~ 


Our machine shop is fully equipped to fifitsh=. 
machine castings to customers drawings to the 
fine limits demanded in modern plant design. 


LAKE & ELLIOT, LTD. 











LIONWELD L| MITED 


MARSH ROAD : MIDDLESBROUGH TELEPHONE 45151 
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_ TRIP AMPLIFIERS 


for monitoring 


Versatt le TEMPERATURE, STRAIN, 
and | and any low level d.c. signal. 


Co n SS ; ste n t | Some salient features : 


Aerox Porous Ceramics, with out- 


: : Y ical 
standingly uniform pore density, serve Transistorised high-speed chopper 


industry in a thousand ways: | amplifier. 

As FILTERS for compressed air or 

gas to eliminate solid particles and Relays and lamps operate at alarm 
liquid droplets; sterilisation; cleaning and trip levels. 


of exit gases; recovery of valuable 


solids from liquors, etc., etc. Trip margin indication with two 


| 

| 
As DIFFUSERS foreffluent treatment; scales at 10:1 sensitivity ratio. 
gas absorption; flotation processes, | 
ete., ete. | Lockable pre-set trip level control 
As DIAPHRAGMS for electrolytic | calibrated 0 — 1000. 
processes. 


As a POROUS BASE for fluidised | 
discharging, conveying and fluid bed | 
reaction processes. | 


Can you suggest the 1001st? 


Rejects extraneous 50 ¢.p.s pick-up. 


Incorporates all possible fail-safe 
techniques. 








Compact size, 83” x 34” x 13” 
deep allows 5 units per standard 
19” rack. 








Leaders in a specialised field 


CERAMIC WORKS, HILLINGTON 
GLASGOW, SW2 


AEROX LIMITED Telephone: HALFWAY 4615/6 


ENGINEERING WORKS, CHALFORD 
ae rooms | WELWYN GARDEN CITY, HERTFORDSHIRE. 


Telephone: BRISCOMBE 3085 TEL. No. WELWYN GARDEN 3434. 


For further information please contact: 
MURPHY RADIO LTD (ELECTRONICS DIVISION) 
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AP IAC wre Duratral * 


Regd. Trademark 
I CHOMHNNO NA EN ‘\h S 






t 


THE MOST USEFUL DEVICE KNOWN FOR THE CONTROL OF AC \ ‘LTAGE 


VARIAC is the original continuously-adjustable 
auto-transformer, providing a smoothly vari- The 
able output from zero to line voltage and 
above. 

VARIAGS are available in a very wide range of 
models from small units for laboratory and 
instrument use to large ganged assemblies for 
three-phase power. 

VARIAGCS are available open or covered, as 
single units or ganged assemblies, for manual 
operation or motor-driven. 


ran include, 
portable, -talclad ang 
oil-immers: i models. 
dual-outp. ‘ypes, high. 
frequency ypes and 
many ‘spe« als’, 
Write for nplet 
informati: 












2333 ‘ | * Duratrak ? Duratrak (Regd. Trademark) 


a patented* feature exclusive to Variac—is a 
special plated contact surface giving longer life, 
increased overioad and surge capacity and maxi- 
mum economy in maintenance. Duratrak is now 
standard on all models except Series 50 


*U K.P 106 This small Varia 

onty VARIAC nas DURATRAK Type V-SHMTF. provid 
an output of 0-2-0 V.24 

from 240 VS 5 mains 


A still smaller model 
Type V-3H is ratedatl aA 








This 3-gang assembly, Type 50-BMG3, w/ 7 

will control 22:-5k VA, 3-phase or 

single-phase according to connection au 'g 0 ns t 
Larger assemblies can be mad : 


VALLEY WORKS : HODDESDON -: HERTS - TELEPHONE: HODDESDON 454! (6 LINES) 


... for PLATE LEVELLING 


god SHEEP Reccryol TAL 
\ 


5 ROLL COMBINED 
PLATE BENDING &|| . 

























Set-up ic 
cr = J LEVELLING ROLLS 
SY Plate Rolling , 
A A A A A | C 
| : 
I STAND 107, INTERNATIONAL | " 
1 MACHINE TOOL EXHIBITION | : 
| OLYMPIA, LONDON | ‘ 
, j 25 JUNE—8 JULY | ] 
et-up 
Plate Levelli ( 
This dual purpose Bronx Machine is specially designed for t 
levelling plate up to 12ft. in width by I}in. in thickness, ' 
down to jin. in thickness. With the two outer rolls in the | 


up” position as shown in the illustration, the machine 
will also roll plate to a minimum radius of 2ft. The 
machine does not roll complete circles but will form 
sweeps, or radii, to a minimum half-circle of 4ft. diameter. 
Suitable, as it is, for both plate levelling and sweep rolling, 
it presents a most economical combination of machines. 


BRONX ENGINEERING CO. LTD., LYE, WORCESTERSHIRE 


= 


TEL: LYE 2397/8/9 
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creening bricks made 

, & Marten are equipped 
-wing portholes and a 

ig sphere for remote a 
ng of radioactive | 


Ask Grey & Marten 
about lead shielding 


(Their new subsidiary, James Girdler & Co., 
has all their skill and experience ) 


Grey & MARTEN are experts in 
lead. They’ve specialised in 
the manufacture of a// kinds of 
lead castings, fabrications and 
fillings for more than a century. 
Interlocking Lead Bricks (in 
one, two and four-inch thick- 
nesses), Lead Sphere Units (in 
two and four-inch bricks), 
Aperture and Viewing Bricks, 





Lead Pots and Isotope Carriers 
are all produced under the 
Grey & Marten name. Now safes not already fitted with 


they have handed over this — on 
economical storage for 
radio-active material. 


Storage pot typical of 
those used in standard 


activity to their new subsidiary, 
James Girdler & Co. Ltd. 


GREY & MARTEN LTD 


Established 1833 
CITY LEAD WORKS, SOUTHWARK BRIDGE, S.E.I 
and at Birmingham, Manchester and Ipswich 


JAMES GIRDLER & CO. LTD 


Mansell Works, Mansell Road, London W.3 CHISWICK 5991 
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OLYMPIA 
LONDON 
June 25-July 8 


( Sundays excepted ) 
9.30 am-6 pm 


Make sure you visit the greatest engineering event 
of the year—The International Machine Tool 
Exhibition ... No-one concerned with quantity 
production—whether in technical, administrative or 
operative capacity—can afford to miss this vast and 
truly comprehensive show at Olympia, London. 

It summarizes the best of contemporary production 
techniques ; it shows the shape of things to come! 


Machine Tools 

Engineers’ Small Tools 

Gauges and Measuring Equipment 
Testing Equipment 

Electronic Control Gear 

Presses and Power Hammers 
Woodworking Machinery 

Heat Treatment Plant 


Here’s your opportunity to see them all 

under a single roof—to see many of them 
powered and in operation—to discuss their 
application to your own production problems with 
the world’s best-informed production experts. 


international 
Niachine Tool 


Exhibition 1960 


Organized by The Machine Tool Trades Association, 


Brettenham House, Lancaster Place, London, W.C.2. 
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The ‘Vista’ Mask 


Safety in Comfort 


\t Siebe, Gorman & Co., comfort and efficiency go hand in hand: a 





fine example is the ‘Vista’ Mask. 

The ‘Vista’ is a versatile mask that can be used with many types of 
equipment, from Compressed Air-line Apparatus to Gas Respirators. 
It is specially moulded for comfort and clear view—its plastic window 
is so shaped that vision remains undistorted at any angle. The air 
inlet is designed to prevent fogging, by deflecting inspired air over the 
inside of the window; and the mask itself can be tested for air-tightness 
before toxic atmosphere is entered. This is particularly important when 
it is used as a smoke mask—and the fitting we have designed for this 


purpose makes it impossible to wear the mask without both harness and 


' 
: 
1 


lifeline, while the mask is still safe even if the bellows or blower are 
left unattended. Such thorough design is routine at Siebe, Gorman & Co. 


The ‘Vista’ Mask is already in use with several Fire Brigades, and a 
r' Vista’ Mas} l 1) th 1 | B 1 1 at 


een 


the Atomic Energy Establishment, Harwell. It is approved by Ministry 
of Labour & National Service under Chemical Works Regulations, and 


the Ministry of Transport for use in ships. Write to us for full details. 


Everything for | 
Safety Everywhere 
Air Compressors AN 
Breathing Apparatus 


Compression & Decompression 
hambers 


Diving Equipment SIEBE, GORMAN & CO. LTD. 








Dust Respirators Neptune Works, Davis Road, 
Gas & Fume Respirators Chessington, Surrey 
PO ee Telephone: Elmbridge 5900, 
Safety Helmets, Smoke Manchester Office: 274 Deansgate. 
Masks & Helmets Telephone: Deansgate 6000 









@ PULSE HEIGHT ANALYSER, Type H.S. 100 


A sophisticated instrument in the lower price range. Includes 
Scaler, Live Time Integrator and Print-Out. 





@ TWIN-CHANNEL PULSE GENERATORS, Types 
T.P.G. 100 and T.P.G. 102. 


@ MAGNETIC PULSE RECORDER, Type M.P.R. 103, 
Transistorised, Printed Circuit. 


@ SCALERS, | Mc/s and 10 Mc/s, Types §.200 and S.201 
Transistorised Printed Circuits. 


Enquiries to Sales Department 


MARSHALL OF CAMBRIDGE ELECTRONICS LIMITED 


THE AIRPORT CAMBRIDGE ENGLAND 
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Heat Exchangers at Calder 
Hall Atomic Power Station 


at Calder Hall... 


Vital installations, including sub-station switch rooms, at 
the Atomic Power Station are guarded against fire risk by 
a highly sensitive Kidde Detection system. 

This, together with Kidde CO2 Fire Protection, provides 
both preventive and remedial measures—leaving equip- 
ment wholly unharmed in the process. 


THE WALTER KIDDE COMPANY LIMITED 


KIDDE 2 FIRE PROTECTION KIDDE OlL MIST DETECTORS 


Northolt, Middlesex Tel: VIKing 6611 
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or all applications in 
Nuclear Power plants... 


. . . continue to fit 


FREMO STAINLESS STEEL 


bolts, nuts, screws 
and other fasteners 
with corrosion, 
contamination and 


heat resistant 


properties. 





FREDERICK MOUNTFORD 
(BIRMINGHAM) LIMITED 


Fremo Works, Moseley St., Birmingham, 5 
Tel. MiDland 7984 PBX 
Grams ‘FREMO’ Birmingham 
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Relays to specification 


POST OFFICE 
TYPE 3,000 
AND 600 RELAYS 


A NEW DEVELOPMENT illustrated 

here is our P.O. Type 3,000 Relay 

with sixteen changeovers with Light 
Duty Silver or Platinum Contacts. 

P.O. TYPE 600 RELAYS with Heavy Duty 
Contacts rated at 8 amps. also available. 
Complete range of both types manufacture 
to specification. Prototypes 24 hours. 
P.T.F.E. insulation now available. 
Specialists in TROPICAL FINISHES. 
Guaranteed to full A.1.D. 

and 1.€.M.€. standards. 





Approved by the Admiralty, 
Post Office and U.K.A.E.A. 
All relays guaranteed made 
in our own works. 












Manufacturers to H.M. Government Departments and leading Contractors. 


L. E. SIMMONDS LTD., BYRON ROAD, HARROW, MIDDX. TEL: HARROW 7797/9 TELEGRAMS: SIMRELAY HARROW 


British & best 


KING DICK 
STILLSON PIPE 
WRENCHES 






King Dick Stillson Pipe Wrenches maintain the 
same high standard of quality expected with all 
our tools. The jaws are subject to a very rigid heat 
treatment control and are 100% hardness-tested to 
ensure reliability. All the individual parts are inter- 
changeable. 

Available in 8” 10” 14” 18” 24” 36” and 48” sizes. 
Write for illustrated leaflet. 











s'ecs. @ Abingdon Works, 


a KING DI CK )) St... 


England. 
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OTER 


WHEELER 


DESIGN AND BUILD 








STEAM 
GENERATORS 


S 


SEPARATELY 
FIRED 
SUPERHEATERS 







AIR & GAS 
HEATERS 


WASTE HEAT 
BOILERS 


WATER 
COOLING 
TOWERS 


SPECIAL TEST 
PLANTS FOR 
NUCLEAR 
RESEARCH 


a. 
SS 
oo 
— 


The Foster Wheeler 
Organisation has 
engineering offices and 
engineering plants in 
Great Britain, the 


United States of P) 
America, and Canada. tw 


FOSTER WHEELER LIMEPED 





FOSTER WHEELER HOUSE, 3, IXWORTH PLACE, LONDON SW3. Telephone: KENsington 6363 
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PLAN your visit to 
LONDON for 


23-28 MAY 








| sy y 
Paes a 
a co 


—- 


| 
| 
exhi iti 





Cc 





over 500 exhibitors from 


Austria Great Britain 
Belgium Holland 
Czechoslovakia Italy 
Denmark Poland 
East Germany Switzerland 
France United States 


West Germany 


| OLYMPIA LONDON 
23-28 MAY 1960 


Open 10 a.m. - 6 p.m. daily Admission 5/- 
Season Ticket 10/- 
Further details from 


Industrial Exhibitions Ltd., 
9 Argyll Street, London, W.1. 





LARGEST 
IN THE WORLD 
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REMOTE HANDLING TOOLS + * =: * © * * * 4% 











Type LW 
* Aluminium alloy construction — An ultra-light tool for the ella 
handling of small components. 


Jaw capacity zero to 1{” — 6 lengths 2’ 6” to 7’ 0”. 





Type SC ~\ 


e Mild steel construction with stoved finish — 
A more robust tool for the handling of larger units. 
Jaw capacity 2}” to 42” — 8 lengths 2’ 6” to 7’ 0”. 

















Type SA 





e Similar construction to type SC but with 
smaller Jaw capacity — zero to 24” — 
8 lengths 2’ 6” to 7’ 0”. 
e Types SA and SC manufactured in other lengths to order. 


Write for details of our range—or let us know your special requirement 


CARTER & VINER - PRESS TOOL ENGINEERS) 


} 
i) COODEN SEA ROAD - BEXHILL - SUSSEX - TELEPHONE: COODEN (4 





Pe 





Export enquiries to: — C. Phillips fones & Co Ltd . Dorchester-on-Thames <* Oxfori 


a OONKIN TYPE 300A, 


VERTIGAL 
REGIPROGATING 
COMPRESSORS 


FOR GAS OR AIR 


Drop forged connecting rods, give improved weight 
strength ratio and reduction in unbalanced forces. 








































Precision manufactured shell bearings throughout en- 
suring fuel interchangeability without fitting. 


Light alloy frame doors of generous dimension 
give easy access to interior. 


Built-in centrifugal oil filter and cooler. 


Compressors can be supplied in weather-proof 
construction for outdoor installation, with 
canopy protection only. 


SINGLE STAGE TWO STAGE THREE STAGE 


THE Besea SOOO B.GBNE COMPANY LIMITED seccrione sss 66 tines 


CHESTERFIELD * LONDON * TORONTO 
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stockholders | 


STAINLESS 


STEEL 


SHEETS - BARS - PLATES 
STRIPS & BLANKS 


PROFILE CUTTING & 
SHEET POLISHING 


<P 


(HONDAS 


LIMITED 
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of efficient angular drives 


@ A.R.B. approved 


@ 92-98%, efficient—N.P.L. certified 


@ Used by leading engineering companies 


in every industry 


@ For shaft diameters }” to 13” 


@ Dirt-excluding covers can be supplied 


A.M, Gauge-Test 
House Authority 
No. 89755/3! 





PROFILE CUTTING 
TO ANY SHAPE 


SCAPA HOUSE - PARK ROYAL RD. 


LONDON N.W.10 


Tel: Elgar 5811 Telex 25239 


NUCLEAR POWER May 1960 


(B) UNIVERSAL BALL JOINTS 


Sturdy, reliable, com 
factured from high-grade 


materials, and available with single or double 


simple design, manu 


pact couplings of 


joints in nine standard sizes 
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MOLLART ENGINEERING COMPANY LIMITED 
SURBITON - SURREY 


KINGSTON-BY-PASS - 


Telephone : Elmbridge 0033-7 


Telegrams : Precision 


Surbiton 





155 


Tick No 116 on reply card for further details 


og nnn i 


Zn 
roCeornercroft 


a“ 





fhe ta 
\ ( i oe » 
a ae ( a wns 4 
tt pony 


THE CORNERCROFT 


GROUP OF COMPANIES 


CC: 





Ltd 


Cornercroft metal spinning is an econor:.'cal 
means of producing quantities of suitable sh 
in alloys, steel, stainless steel, copper, b 
etc. Long experience in the production of c 
tolerance spinnings for the aircraft, motor 
other industries enables us to achieve 
dimensional accuracy and excellent finish f 
blanks of up to 72” diameter. We are also si 
metal workers, makers of press tools and pi 
ings, plastic moulds and mouldings, jigs 
fixtures and can provide a very complete 
cision and engineering service. 
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iSs, 
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nd 
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eSS- 
ind 


pre- 


experts in metal spinning 


Cornercroft Limited, Ace Works, Coventry. 
Phone Coventry 40561. 
Subsidiary Companies: Cornercroft ( Plastics) Ltd. 
Metal Spinning Co. Ltd. James Beresford & Son Ltd. 
Factories in Coventry and Birmingham. 


GROUP MARK 
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MILNE ‘SENSITIVE’ REGULATORS 


Milne Regulators—robust, highly y 
accurate—designed in a _ wide 
variety of patterns to suit every 
purpose, where oxygen, air, acet- 
ylene, propane, coal gas and 
hydrogen are employed. 

Hexagon or wing nuts can be 
fitted to any regulator as required. 


MILNE BALANCE PRESSURE VALVES 


Designed for the job and made 
to last. Finger-tip control for 
high and low pressure. 


Send for full details 











Cc. S. MILNE & CO. LTD. 


Manufacturers of Gas Welding and Cutting Plant and Equipment. 


Stockists and Suppliers of Electric Arc and Resistance Welding 
Equipment. 


Harley Works, Octavius Street, Deptford, London, S.E.8 
Telephone : Tideway 3852 


Also at 172/174 West Regent Street, Glasgow, C.2. 
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Ruggedly built, but still 
mobile, the Muller Macrotank H 
is specially developed for 








on-site radiographic examination 
in heavy industry, ship and 
bridge building, nuclear power 


al and refinery construction — 

" wherever complete and accurate 
weld examination is essential. 

d The small focus (2.3 mm.) of 

th the Macrotank H gives really 

m sharp definition, with a 

et . ” 

rm penetration of up to 2}” of steel 
d . with Pb screens in reasonable 

.. ind u str y exposure time. It is low in cost, 


reliable in use, and backed by 
full service facilities which may 
be on contract if desired. We 
shall be glad to send you 

full details. 

The Macrotank H ts a product 
of C. H. F. Muller, Hamburg. 








(O) 


Sole Distributors in U.K. 


RESEARCH AND CONTROL INSTRUMENTS LIMITED 


Instrument House, 207, King’s Cross Road, London, W.C.1. TERminus 2877 

















_— Bessemer 7 
AN INVITATION to see 
what 
INSTRUMENTS, ELECTRONICS AND 
AUTOMATION EXHIBITION 
Belnlslel a eee 
23rd TO 28th MAY 1960 
STAND NO. 155 ROW D 














can do! 


| Do not fail to visit us at our stand and see for yourself how Gordon instrumentation and 
control can increase efficiency in your boiler plant. 





MG. GG. °° ee °° I Q™A_.ANAAAII NNT: 


Automatic combustion control, pneumatic or elec- 
tronic, for boilers and furnaces of all types and 
sizes. Temperature control for superheated steam 
temperatures. Steam desuperheaters and reducing, 
overflow and relief valves for regulating pressures 
and temperatures in chemical processes and tur- 


bine bypasses. Complete boiler plant instrumenta- 
tion including indicating and recording instruments 
for CO,, pressure and vacuum, temperature, flow, 
liquid level, B.T.U., etc. Igema distance boiler 
water level indicators. Mono automatic gas 
analysis recorders for CO,,CO, Hg, Oz, SOg, H,S, etc. 


Tickets available on request. 


JAMES GORDON & CO. LTD 


Dalston Gardens, Stanmore, Middx. 


Telephone: Wordsworth 3631 








i 
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Hydraulic Pressure Testing with... p 
The SOMUOE 


























Why labour at this?... 1 
When you can use THIS... 
MI 
Hi 
—E) 
The Junior Airhydropump costs approximately the same as a hand pump 
but has very definite advantages for individual testing stations. 
It automatically gives the exact pressure required and will maintain this P 
pressure indefinitely, leaving the operator both hands free. ' 
Six models are available, giving pressures up to 10,000 p.s.i. working ons 
from compressed air at 5 to 100 p.s.i., supplied complete with air-contro] 
valve and bench or wall mounting. We manufacture Airhydropumps to 
give pressures up 
CHARLES S. MADAN & CO. LTD. | 30075: : 
VORTEX WORKS . ALTRINCHAM ’ CHESHIRE Ph 
CM.12A = 
Ee Tot ALTRINCHAM 2702 Gramees VORTEX ALTRINCHAM (Velen) TELEX 66-105 Me NALTCHM For full details send for leaflet AJ3/I| - 
INDUSTRIAL X-RAY EQUIPMENT 
—always at hand 
The well known Pantak range of industrial X-ray equipment has now 
been augmented to include the completely portable Balteau units 
manufactured by Usines Balteau of Liege. Backed by the unequalled 
Pantak after-sales service, these units have been designed to give the | 
maximum number of KV per lb. and are available in three sizes to B 
meet the varying needs of different industries. The Baltospot 140 has gi 
an X-ray head of 55 Ibs., the 200 has an X-ray head of 84 Ibs. and the - 
300 an X-ray head of 148 Ibs. Each of these units can easily be moved | T 
by one man. 


Please write for full details of Balteau and Pantak equipment up to | 
500 KV. 


PANTAK LIMITED | 


VALE ROAD - WINDSOR - BERKS 
Telephone : WINDSOR 3225-6 
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HANDLING 
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THE ESSENTIAL 
LINK FOR 
EFFICIENCY 








M.12A 


10W 
nits 
led 


the | 


to 
has 
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ved 


to 


EXHIBITION 


EARLS COURT 
3-13 MAY 





We have a technical representative or an 
agent in your area backed up by a compe- 
tent technical staff to give you expert 
advice. Call us in early in the design stage. 
AY We may be able to reduce the cost by 
Our ex advising one of our standard gear units. 





$ 
& 


Stand No. DDI! First Floor 
Further detailed literature from: 


HIGHFIELD GEAR & ENGINEERING CO. LTD. 


NILE STREET HUDDERSFIELD YORKS. 
Phone: 4490/1 /2 Grams: ‘‘ HIGEARS ” 
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Tubela 
Hydraulic 


HAVE TO BE 








Bending all classes of steam and 
gas tube from } to 2 inch bore is 
child’s play with the Tubela 
H3PR 

The double-acting hydraulic ram 
which releases the tube from the 
former without using wedges or 
hammer 

Extension wingheads and form- 
ers can be supplied to increase 
capacity to 2) and 3 inches. 


Industrial 4H 


Hand operated hydraulic model 
for bending cold and unloaded 
2 to 4 inch n.b. pipe. 


Write now for illustrated bro- 
chures of the competitively 
priced range of Tubela benders. 
Hand, ratchet, hydraulic and 
motorised models with capa- 
cities from $ to 12 inches. 


MD 1. Bering Pople 


TUBELA ENGINEERING CO. LTD., 


Fowler Road, Hainault, Essex Hainault 4426/8 TA3371 
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FOR 


ALL SURFACES 


WHICH MAY 


DECONTAMINATED 


~ 


PA tested 


“ and 
approved by 


A.E.R.E. 
HARWELL 


COMPREHENSIVE DATA ON 
CONTAMINATION DECONTAMINATION 
PROCEDURES CARRIED OUT ON 


ATOMICOTE 


FROM 


DETEL PRODUCTS LTD 


SOUTH RUISLIP 
MIDDLESEX 


RUISLIP 6041 /2 
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PROBLEM SOLUTION 


Sequence pumping is occasionally required in 














a hand-operated pumping plant which, al- ; 

though intended to be used spasmodically, Type HCU Pumping Plant 
must also be guarded against failure of water By means of the two hand valves used in 
supply. Other pre-requisites are rough and fine conjunction with the baffle valve, sequence 


umping ; i ion and air admittance. : . ? 
pumping; Sctetien and al . pumping may be obtained when using the 


Type HCU Pumping Plant which is 
equipped to give Rough Pumping and Fine 
Pumping, isolation or Air Admittance, and 
water relay to protect the Diffusion Pump 





against water supply failure. In general, the 


Rotary pumps, diffusion pumps, valves, 
combined units—these are but a few from 
the very full range of equipment now being vacuum chamber is not required for pro- 
produced for the High Vacuum industry duction sequence cycles, and where the 
by N.G.N.....our technical services are plant is not likely to be 
being increasingly used to assist and advise 
on problems of High Vacuum. Why not ' Te 
make use of them—NOW. without supervision. 


N.G.N. FOR HIGH VACUUM 


High Vacuum Specialists and Electrical Engineers 


HCU. s more suitable where access to the 





left running overnight 





rs SA rl N.G.N. ELECTRICAL LIMITED 
Avenue Parade, Accrington, Lancs. 

Telephone: Accrington 5611-2 
Wd 3 STAGE Air or Nitrogen 
COMPRESSOR SETS 


These self-contained units have a displacement of 
9.8 cu. ft. per minute at working pressures up toa 
maximum of 6000 Ib/sq. inch. 
Supplied for ground servicing the hydraulic 
equipment or servo mechanism on the follow. 
ing aircraft:—Bristol Britannia, Vickers Viscount, 
Fokker Friendship, Military Aircraft (S.R. 53 
and Gloster Javelin) and Guided Missiles. In | 
addition they are used for a wide variety of 
industrial applications. 
























Please write for Leaflet No. 19 
giving full details, 


WILLIAMS & JAMES encineers) LIMITED 
©} FLOR EOD 28-20: ENGLAND 


TELEPHONE GLOUCESTER 24021-2-3 TELEGRAMS & CABLES: “COMPRESSOR GLOUCESTER 
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VEN LEAGUE BOOTS 


For ELECTRONIC 
COMPONENTS 








































FRadiospares Ltd. 


TED 4-8 MAPLE STREET - LONDON + W.I * ENGLAND 














ancs, Telephone: EUSton 7232-7 
TELEGRAMS: RADOSPERES, WESDO, LONDON. CABLES: RADOSPERES, LONDON. 

en Single Channel Remote Area Monitor 
Model GA Series. Available in the GA-3 series with 
2-point electronic calibration, in the GA-4 series with 

rs the same and with the addition of * source check ” 
feature, and in the GA-S series with 2-point source 

f (SR-90) calibration only. The GA _ series offers any 

nt oO} continuous combination 3 decade logarithmic ranges 

p toa from ‘01 mr/hr to 100,000 R/hr. Energy dependence 
is flat to within plus or minus 10% from 80 KV to 
1:2 Mev 

draulic | RIGGS NUCLEONICS 

Follow 

;count, new 

R. 533 Alpha Floor Monitor 


mee advancements 
jety of 


‘ae NUCLEONICS 


from U.S. A. 


Model FM-3G. Designed to enhance the surveying of 
floor surfaces of research, operation, or production 
areas where alpha-emitting radioactive materials are 
present. Its high sensitivity, large area probe searches 
out hidden alpha contamination not readily detectable 
with ordinary portable alpha survey instrumentation. 
Eliminates delays involved in * smear or wipe ”’ tech- 
niques. Well balanced and self-contained. 2 pi geometry 
meter readout determines immediately the contamina- 
tion status of an area. 


EBERLINE INSTRUMENT CORP. 


Coincidence Radiation Analyzer 





Model 704. Measurement of minute quantities of 
radioactive material is enhanced by coincidence analy- 
sis. By counting only simultaneous pulses, back sround 
is virtually eliminated. Used with a wide selection of 
single channel analyzers, linear amplifiers. It employs 
delay line compensation for transit time of single 
channel analyzers used in a coincidence experiment. 
Delay lines easily modified to suit transit time of the 
particular single channel analyzer in use. 


Frazar & Hansen Ltd., internationally known since 

1834, presents many leading U.S.A. manufactured 

nuclear instruments and components, including 
monitors and detectors, radio-chemical analysis 
€quipment, nuclear medical scanners, educational 


teaching aids and radiation shielding and protective 
equipment. Write for information. INTERSTATE ELECTRONICS CORP. 





FRAZAR & HANSEN Ltd., 301 Clay Street, San Francisco, Calif., U.S.A. 
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HOLLAND / SLi 
ROTARY 


COMPRESSOI § 


AND 
VACUUM 


PUMPS 


GIVE SERVICE 
FOR TO-DAY 


Part of the English Electric Aircraft Equipment FOR TO-NEERSW 


Laboratories with three HOLLAND/SLM AND 
2-stage rotary vacuum pumps exhausting the 


altitude test chamber. FOR YEARS AHEAD 


The B. A. Holland Engineering Go. Ltd. 


LINDO LODGE, STANLEY AVENUE, CHESHAM, BUCKS. 


Telephone: Chesham 8406/8 Telegrams: Picturable, Chesham 


Works: SLOUGH, BUCKS 
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TEST SIEVE SHAKER 
for 
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Established 1884 


accurate 
particle size 
analysis 


~ | Accurate and consistent results are the features 

required of a test sieve shaker for the slew 

Q A D | A T ‘ Oo N ' ~+> analysis of the particle size range of material, 
¢F . Simply vibrating or shaking test sieves by 

hand is not good enough for the standard # 

rt a accuracy required these days. Vibration slom 

Fr Q Oo T F = T j Oo N “= tends to aggregate rather than to segregat? 
; particles and shaking test sieves by hand 


is not only tedious but inevitably 
produces inaccurate results 


Lead Lined Doors and Frames, Ss . The Inclyno Test Sieve Shaker incorporate 
. >. —~ ia a double movement that jolts and 
Screens and Panelling e Leaded spreads the test material ensuring perfeet 
segregation of the various particle siz# 
Glass Window Units e Barytes and presenting the maximum number @ 
apertures for undersize a 

P : P fall through each sieve. Three m 
Shielding * Complete Protection available all sizes of standard tem 
sieves and supplied complete with moter 
Schemes Undertaken to and inbuilt automatic time switt 
covering test periods up to 60 minute® 


Specification 


SOOLE & SON LIMITED INCLYNO 


Dunstable Road ~- Richmond ~- Surrey 


: Write or telephone THE PASCALL ENGINEERING CO LTD 
Telephone: Richmond 0038 Crawley 25166 for 


List IN 320 GATWICK ROAD + CRAWLEY - SUSSEX 
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lictle au client 
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PPOWER 
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Rionista di sndicare tn uno 
Mppazio risiretto tutti + particolars 
odes suo prodotti. Qualora de- 
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Ge 
the flow with 


the ‘Telicator’ 


h pressure systems can 
Telicator Visual Flow 
Indicator, is a simple instrument 
for indicating the flow, whatever the 
viscosity. The rotors are specially de- 
signed by Dukes and Briggs to give the 
clearest indications Over specific ranges 
of flow rate. Water supplies for cooling 
purposes and f° rced lubrication systems 
are two typical applications. A new 
model is under development for use with opaque fluids, and special | 
designs can be made to meet specific requirements. 


Note these features 


@ Simple design ensures complete reliability. 

@ Extreme sensitivity at all pressures. 

@ Units readily adaptable to existing installations. 

@ May be mounted in any plane. 

@ Comparative flow gauged by speed of revolving rotor. 


ick No 132 


Both low and 
be fitted wit! 


Key's 


REGD 


SIR W. H. BAILEY & COMPANY - LIMITED 

PATRICROFT - MANCHESTER - ENGLAND 

Eccles 3487-8-9 Grams: Beacon. Telex. Eccles 

SELINAS LANE, DAGENHAM ESSEX DOMINION 2277/8/9 
TGA TRI 


Phone 
LONDON OFFICE PHONI 
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Undoubtedly, the answer to all water cooling problems is 
PREMIER. PREMIER Cooling Towers and Mechanical Water 
Coolers are among the most highly efficient and economical 
in the world--installed in many of the world’s important works 
and power stations. PREMIER design and erect the plants, 
guarantee the performance and give a 100%, after-sales service. 
Undoubtedly, the scientifically engineered construction and 
high efficiency and economy of PREMIER water coolers is the 
reason why they are acclaimed by engineers everywhere. 
IT IS A FACT that the great economy achieved by PREMIER 
in increased efficiency, saving of water rates and space virtually 
pay outlay and installation costs. 
WE do the designing ourselves WE erect the plants ourselves 
WE manufacture our own plants WE guarantee the performance 
if you have a water cooling problem, write to us—our advice 
IS at your service. 
| THE PREMIER COOLER & ENGINEERING CO. LTD. 
SHALFORD, NR. GUILDFORD, SURREY 
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Guard the health 
of the welder with 


The 


PORTABLE 
FUME EXTRACTOR 
UNIT 


Fumes from welding operations can be 

pl » ob ious, persistent and 
under certain circumstances injurious. 
This applies particularly when work- 
ing in confined spaces, affecting 
personal efficiency and general health. 
The Secomak Unit is designed to re- 
move these fumes from the vicinity of 
the operator and transfer them to 
a place where they will not be a 
nuisance, 


Other applications of the Secomak 
Portable Fume Extractor Unit include 
the removal of foul air from tanks, 
ships’ double bottoms, etc., and the 
supplying of fresh air co men working 
in confined spaces anywhere. 





@ Removes fumes 
from welding 
operations 


@ Induces fresh air 
to vicinity of 
operation 

@ Encourages 
increased output 


@ Improves 
workmanship 


Write for Data Sheet 606/NP 
SERVICE ELECTRIC CO. LTD. 


HONEYPOT LANE, STANMORE, MIDDX. 
Tel: EDGware 5566-9 Telegrams: Secomak, Stanmore, Middx. 
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for protection against radiation 


Joo ahead witn LEAD 


not forgetting, LEAD GLASS 


The technical officers of the Association are always glad 
to give individual assistance. 

LEAD DEVELOPMENT ASSOCIATION, 
London, W.C.2. 

Telephone: WHitehall 4175 Telegrams: Leadevep, Rand, London 


18 Adam Street, 


LDAI1/60 
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WANTED 677 


SITUATIONS VACANT 


Trainee 
Engineers 





Electricity Boards. 


83 university graduates are need- 
ed as graduate trainees. They 
should possess a degree in elec- 
trical or mechanical engineering 
of a British university. 

73 technical college graduates are 
required as engineering trainees. 
They should possess a Dip- 
loma in Technology, a College 
Diploma, a Higher National 
Diploma or a Higher National 
Certificate in electrical or mech- 
anical engineering 

521 school-leavers are needed as 
student apprentices. There are 
two levels of entry: for those 
who possess a good Ordinary 


The Electricity Supply Industry has vacancies this 


satisfying the requirements of 
the professional institutions. 
Training for school-leavers is 
by means of a five-year appren- 
ticeship, including day-release 
or a Sandwich Course, leading 
to a professional engineering 
qualification. 


On_ satisfactory completion of 
training, all trainees are guaran- 
teed employment in this essential, 
expanding industry. A wide range 
of careers is available in man) 
types of engineering — generation, 
transmission, distribution, com- 
mercial and research. Because 
the demand for electricity doubles 


Training for 
technical 


university 
college 


and 
graduates 
by means of a planned two-year 
course of practical experience, 


1S 





Training Officer, 

The Electricity Council, 
153 Winsley Street, 
London, W.1 








R.N. COLLEGE, GREENWICH, 
LONDON, S.E.10 
EXPERIMENTAL OFFICER 
Pensionable post for PHYSICIS1 


INSPECTORS OF NUCLEAR 
INSTALLATIONS 
MINISTRY OF POWER 
Up to 12 


pensionable posts in 











THE UNIVERSITY (¢ 
MANCHESTER 


Applications are invited the 
posts of SENIOR LECT! RER 
and LECTURER IN ENGINEER. 


ING (Mechanical). Preference will 


year for 677 recruits to its engineering training be given to candidates with a major 
ieee lee ny a uh testy tes ton Cuan | interest in Applied Therm. dyna- 
scaemies. SRty are requae oth by the Centra | mics or Applied Mechanics, espe- 
Electricity Generating Board and by the 12 Area cially Theory of Machines. Some 


experience of Mechanical Design 
would be an advantage. University 
regulations permit teaching staff to 
read for the degrees of M.Sc. and 
Ph.D. The salary scales (at pre- 
sent under review) per num 
are as follows: Senior Lecturer 
£1700 to £2050; Lecturer, £900 to 
£1650. Membership of F.S.S.U. and 
Children’s Allowance Scheme. Ini- 
tial salary according to qualifica- 
tions and experience. Applications 
should be sent not later than May 
7, 1960, to The Registrar, The 
University, Manchester, 13, from 
whom further particulars and 
forms of application may be ob- 
tained. Applications by airmail 
letter, in the first instance, will be 





| 
} : 

level G.C.E., including passes in | every ten years, the prospects of | considered from overseas candi- 
maths and science, and for those | promotion are good | dates. 
who have taken G.C.E. at “*O” | 
“ve » . . . . | sical 
level and — = a mage For further information write to: 
passes in maths and physics at , 2 S EDUCATIONAL 
Advanced level. The Education and 


eee 
THE UNIVERSITY OF 
MANCHESTER 
POSTGRADUATE COURSE IN 
NUCLEAR ENGINEERING 
This course, which is of one year's 
| duration, is intended for graduate 
| engineers, physicists, or metallur- 
gists who wish to specialise in the 
field of Nuclear Engineering. Stu- 
dents attend a course of lectures 
on the fundamentals of the subject, 


(man or woman) experienced in London for men aged at least 30 supplemented by selected be yer 
REACTOR or NUCLEAR on 1.4.60. Applicants should nor- a more advanced — 2 -— 
PHYSICS and INSTRUMENI mally have an honours degree in undertake an experimental projec 


TECHNIQUES. Duties involve the 
setting up of experiments, their 
conduct and detailed design. Age: 
at least 26 and normally under 31 
on 31.12.60. Qualifications normally 
required: degree or technical qua- 


engineering, physics, chemistry, 
metallurgy, or mathematics, or have 
achieved corporate membership of 
an appropriate professional body. 
At least 5 years’ experience, at a 
responsible level, of design, re- 


The Diploma for Advanced Studies 
in Science is awarded to candi- 
dates who successfully complete the 
course. Application has been made 
to the Department of Scientific and 
Industrial Research for acceptance 


lification (H.N.C.) in appropriate | search, operation, or inspection of “ bs ene eo ble 
subject. Final year students may large scale chemical or engineering Nuc — ga as an, - d 
apply now, Salary scale (men, Lon- plant essential. Salary scale £1325 for the a = its Advance 
don) £1005-£1233. Starting pay £1780. Starting pay may be above Course Stu entsnips. ; 
may be above minimum. Write minimum, Promotion prospects. All applications and _ enquiries 


Civil Service Commission, 17 North 
Audley Street, London, W1 for 
application form quoting S/94-95 
60/ADY. Early application is ad- 
vised, 








Write Civil Service Commission, 
17 North Audley Street, London, 
WI for application form quoting 
S/5120/60/8. Closing date May 10, 
1960. 





should be addressed to 

Professor W. B, Hall, 
Nuclear Engineering Laboratories, 
The University, Manchester 13 
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AT YOUR 
SERVICE 


when you need 


an expert 


| 
| 
| 








PRACTITIONERS IN THE ART OF 
SCALE MODELS AND PATTERNS 
| All types of scale models. 
Quality Delivery — Service 
Contractors to the U.K.A.E.A. 


° 

| MASTERMODELS LTD. _ 

| Greenhill Crescent, Harrow, Middx. 
Telephone: HARrow 2428 





PAPERS PHOTOGRAPHED 
Sound or Damaged. 
In Pencil, Ink, Colour. 


6 
A. FYFFE, 
Bourne Chambers, St. Peter’s Road, 
Bournemouth, Hants. 
Telephone: Bournemouth 25226 

















R. & J. PARK LTD 
Dominion Works, Chiswick 
England 
* 


Export packers, shippers and for- 
warding agents. Specialists in 
packing heavy machinery 


CHASSIS AND PANEL 
WIRING 


* 
Experienced wirers can 
give prompt deliveries 
One off and small quantity work 
welcomed. 
Coilwinding facilities available. 
os 


COILWINDING SERVICES 


Ruvigny Works, Ruvigny Gardens, 
Lower Richmond Road, Putney, 
London, S.W.15 
Telephone: PUTney 2667 














POLAROID SCREENS, FILTERS 
WAVEPLATES, 
PHOTO-ELASTIC COMPONENTS 
H. S. B. MEAKIN LTD., 


36 Victoria Street, Westminster, 
London, S.W.1. ABBey 6713 


WHITES OF WIDNES (Est. 1869) 
Rails, Sleepers, Points and Crossings 
—Everything for Sidings Construction 
and Maintenance. Also Aerial Rope- 
ways 
R. White & Sons (Engineers) Ltd. 
P.O. Box 2, Widnes, Lancs 
Telephone: Widnes 2425 

















X-RADIOGRAPHY 

of welds and castings offered up to 14” 

thickness, also high vacuum test facilities. 
IMMEDIATE SERVICE 


THOS. RYDER & CO. MANCHESTER 
LTD., 
COMMERCIAL STREET WORKS, 
KNOTT MILL, MANCHESTER 15 
Central 6753 








CRATER SWITCHES 
Rotary, Push-Button, Line Cord 
and Special Purpose Types 
Thermostats & Heat Control Devices 
CRATER PRODUCTS LTD., 
Lower Guildford Road, Knaphill, 





Surrey lel.: Brookwood 2571 | 


ow 








EDUCATIONAL (continued) 


QUEEN MARY COLLEGE 
(University of London) 


POSTGRADUATE DIPLOMA IN 


NUCLEAR ENGINEERING 


A one year course of study in applied 
nucleonics and reactor theory will be 
given during the Academic Year 1960-1, 
and will prepare students for the above 


diploma 


A good honours degree in 


Engineering, Science, or Mathematics is 
a necessary entry requirement. Student- 
ships will be available to suitably quali- 
fied applicants but immediate application 
is necessary. A brochure describing the 


course can be obtained from 
The Secretary, 
Nuclear Engineering Laboratory, 
Queen Mary College, 
Mile End Road, 
London, E.1. 








advertisement to 
MUSEUM 8252 





Telephone your classified 








ALUMINIUM DESIGN 
and fabrication service available 
for all types welded and other light 
alloy structures and components 

ALPHAMIN LTD. 
4 Dunston Street, Kingsland Road, 
London, E.8. Tel.: CLIssold 4161 


NON-DESTRUCTIVE TESTING 
LABORATORIES 
Vacuum, X-Ray, Gamma-Ray and other 
forms of Non-Destructive Testing. 


INDUSTRIAL RADIOGRAPHY 
(N.D.T.) LTD., 
Managing Director: Paul Fox 
360 Cricket Inn Road, Sheffield, 2 
Telephone :—Sheffield 26630 























OFFICE & TECHNICAL TRANSLATIONS 
LTD. 


The largest Translating Organisation in the 
United Kingdom. 
12-hour Service for Commercial 
Correspondence. 
Specialists in Engineering Texts. 


40 Finsbury Court, Finsbury Pavement, 
London, E.C 


Telephone :—MONarch 7830 & 8110. 


C. W. GARRETT & SON 


for 
ALL DRAWING OFFICE’ SERVICES, 
PROCESSES, MATERIALS AND 
EQUIPMENT 
* 
WINDMILL ROAD, BRENTFORD 
MIDDLESEX 


Telephone : ISLeworth 4433 (4 lines) 

















MANCUNA ENGINEERING 


DENTON, MANCHESTER 
SPECIALISTS IN GAS CLEANING 
AND DUST TECHNOLOGY 

District Office: 
59 Victoria Road, Surbiton, Surrey 
Tel: ELMbridge 9793 





ACIDS 
(All Strengths) 

Oleum, Sulphuric, Accumulator, 
Hydrochionc, Nitric, Mixed and 
Dipping Acid. 

Also Distilled Water (Pure) 
Spencer Chapman & Messel Ltd., 
45 Park Lane, London, W.1 
GROsvenor 4311 























LIFTING PROBLEM ? 
Use DIAMOND service. 


10-ton, lorry-mounted Coles Crane 
Electric Tower Cranes. 
19 R.B's. with 50 ft. jibs. 
1S cwt. Platform Hoists, 
Ring STA 3344, 
DIAMOND INDUSTRIES (M/cr.) 
I town 


ED, 


Market Street, Stalybridge. 











SHEET METAL WORK 
All Materials « Skilled Work 
MABBOTT & CO. LTD. 
EST. 1901 
SHEET METAL DIVISION 


Phoenix Works, Poland Street, 
Manchester, 4. Collyhurst 1773 








PRESSINGS IN ALL 
METALS 
up to 60 tons 
Press tools manufactured in 
our own toolroom. Light 
assemblies—Domestic, Electri- 
cal and Mechanical. All 
finishes. A.I.D. and A.R.B. 
approved. Advice and esti- 
mates given free. 
Inquiries to: 
METAL COMPONENTS 
LTD. 


DOLPHIN ROAD 
SHOREHAM-BY-SEA 
SUSSEX 
Telephone: 
Shoreham-by-Sea 2224-5 
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STAINLESS TUBES & FLANGES 


We offer in approved grades of Stainless Steel 

FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 
SOLID DRAWN TUBES—FABRICATED PIPES 

ROUND and HEXAGON BAR 

PROFILES CUT TO ANY THICKNESS OR SIZE 

CASTINGS TO CUSTOMERS SPECIFICATION 





+ + > > 


Keen Prices — Prompt Delivery 


Send enquiries to Dept. N.P. 


STAINLESS STEEL PROFILE CUTTERS LTD. 
Farfac Works, Kings Grove, MAIDENHEAD. ‘phone 1522/23. 
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150 MW Progress by this Group, designers and builders of the world’s first 
500 MW atomic power station, is being made not only at Hinkley Point 
but also to mect export requirements. For stations of similar type for 
construction overseas, detailed design studies have been completed 


250 MW for outputs of 150 MW and 250 MW. 


ENGLISH BABCOCK TAYLOR 


ELECTRIC @ & WILCOX @ WOODROW 


TAYLOR WOODROW CONSTRUCTION LIMITED 
M ni House, Strand, London, W.C.2 Babcock House, Euston Road, London, N.W.1 London 
GA.9 





THE ENGLISH ELECTRIC COMPANY LIMITED BABCOCK & WILCOX LIMITED 
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TOKAI-MURA 


At Tokai-Mura, 70 miles north-east of Tokyo, The General 
Electric Company Limited of England is to build Japan’s first 
nuclear power station. This 150 MW station will be powered 
by a single gas-cooled graphite-moderated reactor of the same 
basic type as the two which are being built by G.E.C. at 
Hunterston in Scotland. In producing a design to ensure the 
safety of the installation even under severe earthquake con- 
ditions, G.E.C. and her associate Simon-Carves Ltd., have 
brought to bear the results of much experimental work. For 
example, models of the pressure vessel mounted on a sup- 
porting skirt were subjected to horizontal loads such as would 
arise from earthquake shock. 

Unique protective devices will be provided capable of effec- 
tive operation even if the core should be severely damaged. 
In addition to the normal control rod system there is a unique 
arrangement of boron steel balls which would be released 
into the channels in the core by seismic pick-ups outside the 
station or by displacement of the pressure vessel, the core 


itself, the grid or various other critical parts of the reactor. 


&S&E6C ATOMIC ENERGY DIVISION 


THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND, ERITH, KENT 


AND SIMON-CARVES LTD 








